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TEA DRYING = OUIDMENT 


Comprises a range of Dryers désigned and improved over a 
quarter of a century to catery for every type ‘of climate and 
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every size of “Tea Crop, - ’ . 
AFLET Ref. MF/L”& 7 
‘ Ke nt TILTING TRAY TYPE DRYERS ~ 
acne A pee 2 
A> sl 4 an Manufactured in 6'U” and 8'U” sizes 
ah at yay 


s suitable for the crops of smaller Tea 
Estates, and easily adaptable for drying 
‘a variety of ether kinds of crop besides 
tea. ig” 

LEAFLET Ref. No. MF/L. 1. 
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ENDLESS CHAIN SUCTION 
PRESSURE TYPE DRYERS © 


Ranging fromy small 3'0” machines 
to * Duplex” Double Chanifer and 
combination type equipment capable of 
drying the crops of »the larger Tea 
states even inthe wettest conditions. 
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LEAFLET Ref. ~ a L. 2 DIRECT FIRED HEATERS 
> Designed for those who prefer 
direct firing. These Heaters can be 
used with Drying Chambers of both 
the Tilting Tray and Endless Chain 
types. They incorporate low pressure 
Liquid Fuel Equipment*of ‘“Multifla” 
design. 
As an alternative to a Direct Fired Heater ak, types of 
‘“‘Multiflu” Dryer can be fitted with equipment for quick conversion 


of the standard heater to direct firing by operation of a movable 
furnace crown. 


*, : 
MANUFACTURED IN CEYLON BY 


 HOARES 


(CEYLON) LTD, 
COLOMBO ENGINEERING WORKS, 


- POST BOX 55 DIAS PLACE TEL. NOS. 
‘ NO. 22 COLOMBO 12. 78581.4, 
> 
<4 - ? ’ 
- . 
_ 


for Estate Use 


1 Part Hi-POWER in 2,000 
of water kills deadly typhosus 
germs in under three minutes. 
EFFICIENT & ECONOMICAL 
18-20 times stronger than pure 
Carbolic Acid. 


| R. W. COEFFICIENT 18-20 | 
Obtainable in 5 and 45 gallon drums. 


BRITISH GEYLON CORPORATION LTD. -Colombo 


The All-Purpose Disinfectants’ \ | 
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‘~PERENOX was the first copper 


fungicide used against Blister Blight in 
Ceylon and is still the standard by 

which all others are judged. 

For estates where conditions favour dusting 


instead of spraying we recommend 


‘PERECLOUD’4Y Copper Dust 
Please write for descriptive leaflet and prices. 
Sole Agents in Ceylon for 
PLANT PROTECTION LTD. 
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*  {MPERIAL CHEMICAL INDUSTRIES (EXPORT) LTD 
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Incorporated in England. * iebility of Members is Limited. 
’ (A subsidiary company of Imperial Chemical Industries Ltd.) 
P. O. Box 352, COLOMBO. 
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Colombo, September 17, 1953. 


The Tea Industry has since its inception been 
responsible for the stability of Ceylon’s finan- 
ces. It has not been subject to unseasonable 
fluctuations in price unlike the rubber industry 
and has shown a steady upward trend in production 
without any appreciable sacrifice of quality. The 
credit for this achievement must assuredly go to 
the Ceylon Tea Planters who have through the years 
by intelligent maintenance of their plantations 
maintained the quality of their tea to such an 
extent that even in the face of severe competition 
from other countries it is still in high demand.) 
Large new acreages of tea are coming into bearing 
in East Africa and therefore it would be most dan- 
gerous for us to be complacent at this stage. Itis 
therefore with great pleasure that I note that 
planters of the experience of Mr. Johnson are con— 
tinuing to take an interest not only in their own 
plantations but in the Tea Industry asawhole. Mr. 
Johnson’s Note Book for Tea Planters, the culmina-— 
tion of two andahalf years of unflagging effort, 
provides up to date scientific and practical know— 
ledge of every aspect of Tea Planting, Tea Manu— 
facture and Tea Tasting. I commend this Book to all 
interested in the future of the Tea Industry. 


AC Test en de oats. 
ak” SAP AE 


Minister of Agriculture & Food. 


PREFACE 


TO 


THE FIRST EDITION 


——————————— 


The primary purpose of this work is to meet the 
growing need for a comprehensive yet concise Guide 
on Tea Planting, Tea Manufacture, Tea Tasting and 
all Regulations and Ordinances which govern the 
Tea Growing and Tea Manufacturing Trade, and thus 
eliminating the necessity for Planting Students to 
purchase several preliminary books on the subject. 


My efforts have been so directed that the student 
of Tea Planting will obtain a thorough fundamental 
knowledge in all branches of the Industry in the 
shortest possible time, and it is also hoped that this 
work will find acceptance among experienced Planters 
as a hand-book of reference, and be of help to those 
who have the additional responsibility of training 
novices. 


These Notes are the embodiment of current and 
up to date knowledge on the subject prepared with the 
appreciation of the common difficulties which beset 
planting aspirants who on many estates are left to 
their own devices to pick up as best as they can the 
technical and legal knowledge so essential for their 
career. In the following pages the beginner will 
find such valuable information as will enable him to 
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learn his work in an intelligent manner from’ the 
moment he steps into an estate rather than labour 
and blunder about under an inferiority complex 
emanating from ignorance. 


Tea Planting in all its aspects is a vast subject 
and to cover its entire scope in all its various depart- 
ments, many volumes will be needed, and it is not 
the purpose of this work to go beyond the province 
of presenting a concise and comprehensive introduc- 
tion to the junior Planter and to provide him with a 
firm grounding on which his practical eXperience 
could be built. 


I shall warmly and gratefully welcome all sugges- 
tions and criticisms for the benefit of a subsequent 


edition. 
= 


Monerakande Group, 
Koslanda, 1-9-1951. 
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PREFACE 


TO 


THE THIRD ENLARGED EDITION 


The issue of the present enlarged edition has been 
necessitated by the numerous requests and ever 
increasing demand for this work, particularly from 
other Tea growing ‘countries. The entire book has 
been re-written and substantially enlarged. The 
Chapters on Green Manuring and Pests & Diseases 
include detailed information not contained in the 
earlier two editions. Parts II and III dealing with 
Tea Manufacture and Tea Tasting have also been 
thoroughly revised and enlarged. Part IV of the last 
edition has been replaced with an entirely new part 
on Estate Book-keeping and Accountancy to meet the 
needs of planting students in both Ceylon and India 
in response to the numerous requests received, 


Although this work is written from the view 
point of conditions in Ceylon, it will’be found to be 
of equal value to planters in India and other coun- 
tries on account of the wealth of practical and 
scientific information it contains, 


I take this opportunity to express my grateful 
thanks to the Director of the Tea Research Institute 
of Ceylon through whose kind courtesy a vast amount 
of subject matter and numerous illustrations have 
been incorporated and acknowledged in this work, 
My sincere thanks are also due to Mr. Peter de Jong, 
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Chief Scientific Officer of the United Planters 
Association of South India for his many valuable 
Suggestions and notes on the care and maintenance 
of plant protection equipment. 


I have no doubt that this Book will prove to be 
valuable asa work of reference to Planters in India 
and Ceylon, and particularly assist the beginner not 
only to a fuller understanding of this vast subject, 
but willalso help him toa firm grounding in his 


“career. 
' : a 
Colombo, 


30th September, 1955. 


UNITED PLANTERS’ ASSOCIATION OF SOUTHERN INDIA. 
14th September, 1953. 


A Message to those entering the Tea Industry. 


Mr. Johnson tells me that this Book is dedicated 
to ‘The many young and earnest minded men in the 
Tea Industry who are today struggling for success”. 
There can surely be no worthier object to which such 
a work as this could be dedicated. 


Whatever may be said to the contrary there is 
still much scope and opportunity offered by this 
Great Industry for young men with ability, grit and 
ambition. 


The efficient management of a Tea Estate today 
requires something very much more from a man than 
just the ability to plant Tea. This is what the term 
“Planter” would seem to convey to the layman. 
There are in fact very few, if any, occupations which 
call for a knowledge of matters of such diversity as 
does the Tea Industry. I can think of no other 
vocation which takes you through agriculture from 
the planting of the seed, to the maintenance and care 
of the full grown bush; through Manufacture, from 
the care of the machinery to the processing and 
storage of a delicate product which, incidentally, is 
clean and pleasant to deal with throughout ; through 
Engineering requiring the ability to build lines, con- 
struct roads and bridges, lay out fields for planting 
tea, erect machinery and the thousand other minor 
engineering problems which are involved in the main- 
tenance of an Estate, Again the Planter of today 
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has to deal with labour in the raw and with labour 
as represented by Unions and with Tribunals and 
with the labour Law all this nowadays entails. 


The problems entailed are so diverse and so 
intensely interesting to any one with ability and self 
reliance that no young man who has them need fear 
boredom or the opportunity to progress. 


The days of planting are not over, indeed oppor- 
tunities offered to young men of the right type 
with ability, intelligence and character are as great 
as they ever were. 


To those who may doubt this I commend Mr. 
Johnson’s book as one which should convey to every 
one who even glances at it the multifarious subjects 
of interest which the Tea Industry affords today. 
Those who have the good sense to study it will find 
their tasks lightened and made the more interesting 
thereby. 


Finally I would say to those who are anxious 
about the Political angle that Tea is one of the biggest 
foreign exchange earners wherever it is grown today. 
Any suggestion that Governments concerned are 
setting out to ruin such an Industry is to my mind a 
statement which can hardly deserve intelligent con- 
sideration. 


G. A. R. SPAIN, 
President, 
United Planters’ Association of Southern India. (1952-’53.) 
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CHAPTER I. 
INTRODUCTION 


THE CHINESE have used Tea as a beverage for 
over a thousand years. Our own knowledge of Tea 
and Tea Manufacture is traced to China. Although 
the original habitat of the Tea Plant is the subject of 
conjecture and controversy on account of the wide 
geographical distribution of the plant and the diver- 
sity of forms in which it,is found, these numerous 
specimens can be grouped into two principal varieties 
the characteristics of which are given hereunder for 
comparison :— ‘ 


The Chinese Variety 
“THEA BOHEA”’ 
Grows more as a bush or hedge than as a tree. 
Leaves are rarely larger than 33° X 14”. 
Leaf surface is smooth. 
Top leaves are normally tinged red. 
Number of serrations are above 30 and leaf has 8 to 
10 pairs of lateral veins. 
The bush flowers early and profusely. 


The Indian Variety 
“THEA VIRIDIS” 

If allowed to grow freely, it will develop into a hard 
wooded, loosely branched tree of over 30° in 
height. 

Leaves are usually larger than 4” 13". 

Leaf surface is puffed and glossy. 
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Top leaf is either green or yellowish green. 
Number of serrations are generally under 30 and 
lateral veins number'10 to 14 pairs. 


Flowers late and poorly. ’ 


In between the above two extreme types, we 


have numerous hybridized species more usually, 


spoken of as “Jats” which simply mean “ Commercial 
Varieties”. These hybrids are roughly classified into 
“ High Jat”, “ Low Jat” or “ Medium Jat” according 
to leaf size, the bigger leaved variety belonging to the 
“ High Jat” and the smaller to the “ Low Jat”. 


As a matter of academic interest it may be 
mentioned here that Tea was originally named ‘“ Thea 
sinensis” and “Camellia japonica” by Linnaeus in his 
“Species Plantarum ” (1753) since which time several 
other species have been distinguished and named by 

tanists. In 1807 the Botanist Sims used the 
original name given by Linnaeus in 1753 to embrace 
all forms of Tea, and in accordance with accepted 
rules for naming plants by which the oldest name is 
retained, the Tea plant is known as “'Thea sinensis ” 
(L) Sims, “L” denoting Linnaeus. | 


Tea is taken as a beverage chiefly due to the j 


stimulus given by its caffeine. The Tea leaf contains 
as much as 3 to 4 per cent of alkaloid caffeine by dry 
weight and is rich in Tea Tannin which constitutes 
about one third of the dry matter of the younger 
leaves of the plant. It will be therefore interesting 
to know some of the details of these two important 
constituents of the Tea leaf from the view point of 
their action on the human system. 


; . * - 
Caffeine as a drug exerts three important actions 
on the nervous system, the muscles and on the kidney 
producing a condition of wakefulness and increased 
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mental activity. The interpretation of the impres- 
sions conveyed by the senses is more clear and perfect 
and thought becomes quicker and lucid. Caffeine 
facilitates the performance of all kind of -physical 
work and muscular activity. The medical dose of 
caffeine is 1 to 5 grains. This description of caffeine 
from the “ British Pharmaceutical Codex” gives the 
reader an idea as to the value of caffeine when 
absorbed by the human system in moderation. 1 Ib. 
of Tea on the average contains about 245 grains of 
caffeine of which only about 200 grains are extracted 
in the brew, and on the assumption that 200 cups of 
tea can be brewed from a pound of made tea, the 
caffeine content per cup is around 1 grain, a quantity 
just strong enough to cure fatigue and act as a 
cheering but not inebriating stimulant. 


The Tannin of Tea, it is must be clearly under; 
stood, is not the same as the tannic acid commonly 
used in medicine. The tannin of Pharmacy is Digallic 
acid and is entirely different in molecule structure 
from the Tea Tannin which is a much weaker tannin 
and a much weaker acid and is completely innocuous 
to the normal human system. A medical dose of 
tannin is 5 to 10 grains. In the human system it has 
a tendency to exert astringency, and since a cup of 
tea contains only about 2} grains of weak Tea Tannin 
no harm ean result. Tannin in Tea is the substance 
which renders strength to the Tea infusion and on 
this account it affects the quality of the liquor. 


The Tea industry from very modest beginnings 
has now become a major primary industry of the 
world which is highly organised in every detail. The 
following figures which have been taken from the 
Bulletins of Statistics published by the International 
Tea Committee will indicate the progress made by 
the Tea Growing Capniries of the world. 


Many changes and developments have been at 
work in the improvement of the technique of Tea 
production to make the industry what it is today. 
Every stage of Tea growing and Tea manufacture is 
under constant scientific scrutiny and investigation to 
produce teas of the highest quality in g 
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Planted Acreage 


1939 
N. India 677,000 
S. India 163,000 
Pakistan — 
Ceylon 553,000 
Indonesia 530,000 
E. Africa 41,000 
Japan 98,000 
Malaya 7,000 
Mozambique 6,000 
U.S. S. R. 120,000 
Brazil — 
Production 
1951 
N. India 506 Million lbs. 
S. India 115 * 
Pakistan 53 5 re. 
Ceylon 326 —Ssé,, : 
Indonesia 1) ie . 
-E. Africa 50, 2. . 
Japan 92 ,; be 
Malaya ety po 
Mozambique y Oa me 
U.S. S. R. Not known 
Brazil 2 
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1950 
612,000 
169,000 


Not known 


4,000 


Export 
1950 


393 Million lbs. 


16, 


298. . 5, 
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CHAPTER II. 
CLIMATE IN RELATION TO TEA CULTURE 


Tea is a very hardy plant and this is not difficult 
to perceive when it is known that it is grown as far 
North as the Province of Georgia in the U. 8. S.R. 
(Lat. 42°N) where the winters are long and severe 
and frosts and snow are very common. In the 
Southern Hemisphere, Tea is grown in Natal (Africa) 
at 30°S latitude where the climate, though equable 
and mild, is not hot and moist enough for its vigorous 
erowth. The chief tea growing countries of the world 
lie between these two latitudes. 


Tea will grow almost anywhere where the climate 
is wet and warm with a minimum rainfall of 60° 
provided it is evenly distributed. But the best 
climate for Tea growing on a commercial basis econo- 
mically is the one which is hot and moist where the 
temperature in the shade does not exceed 95°F and 
does not fall below 55°F, and where the annual rain- 
fall is between 100 and 130 inches and is evenly 
distributed, and where there is no long drought. 


The climate is largely responsible more than any 
other factor for the two different main species—the 
Chinese “Thea Bohea” and the Indian “Thea Viridis”’. 
The leaves of the China variety are small and thick 
and so designed that they are able to withstand cold 
and drought, but they also thrive in hot humid 
climates. On the other hand, the Indian varieties 
have thin Jarge leaves equipped for rapid moisture 
transpiration and growth in a hot humid atmosphere, 
but they do not grow well in very cold or very dry 
climatic conditions. Where it is usual to find the 
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Assam varieties blackened by frost, the China 
varieties are apparently unaffected and are able to 
withstand a much greater range of variations in 
climatic conditions than the Indian varieties. 


The Climate of Ceylon 


On account of the Island’s proximity to the 
Equator, the mean temperature of Ceylon is high and 
varies from 80°F to 82°F in the Low Country, but on 
account of the maximum breadth being 140 miles, the 
oceanic effect helps to alleviate the feeling of warmth. 
The insular climate of Ceylon is predominated by the 
Monsoons and elevation above sea level. The temper- 
ature in the higher altitudes falls off at a fairly steady 
rate of about 1°F for every 300’ elevation as will be 
seen from the following :— 

Kandy (1600°) — 77°F 
Diyatalawa (4100’) — 68°F — 
Nuwara Eliya (6200’) — 60°F ‘ 


The variation in the mean monthly temperatures 
throughout the year is small. Although in Ceylon 
there are no well marked seasons, there are periodic 
changes in the climate which is influenced by the 
Monsoon winds. Ceylon receives most of its rainfall 
from the Monsoons which take their names “ North 
Kast” and “South West” from the direction from 
which they blow. 


The heaviest flushing months all over the Island 
both in the North East and South West Monsoon 
areas are March, April and May. Usually Estates 
may produce two-thirds of their annual crop during 
the first six months of the year from January to 
June. During June, July and August,,the South 
West Monsoon blows with full force bringing torren- 
tial rains in the South West but not in the North 
East. Under these conditions, crops are generally 
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poor because too much or too little rain are both 
unfavourable to crop. After August, crop increases 
again to a maximum in November. Again December, 
January and February are poor months in the South 
West Monsoon areas because the North East Monsoon 
which is active at this time brings plentiful rains to 
the North East and Uva areas where November, 
December and January are excellent cropping months. 


Although the seasons are not well defined in 
Ceylon, for climatic purposes the year may be divided 
into four periods as follows :— 


1. The South West Monsoon Period—From May 
to September. 

2. The Inter-Monsoon Period—From October to 

. November. 

-8. The North East Monsoon Period—From 
December to February. 

A. The Inter-Monsoon Period—From March to 
April. 


Although the South West Monsoon period is 
reckoned from May onwards, the Monsoon may not 
set in till about the second or third week of this 
month. If it sets in during the first week, it is con- 
sidered as having set in early. During the early 
stages, the rainfall is confined to the South Western 
coastal regions, but as the winds strengthen it 
gradually spreads to the interior. 


During June and July, the South West Monsoon 
is well established and there is a steady south westerly 
wind blowing across the Island. Rainfall is chiefly 
confined to the south western hill country where at 
some stations rain accompanied by strong winds 1s 
experienced almost daily with monthly totals exceed- 
ing 25”. On the other hand prolonged droughts are 
generally the rule during these months in the North, 
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North West and North East and South East of the 
Island. Conditions are similar in August and Septem- 
ber but there are signs of the monsoon weakening. 
Rainfall from the South West Monsoon is heavy in 
the south western hill country where certain stations 
receive over 100 inches of rain for the whole period. 
During periods of active monsoon weather, these 
stations sometimes aggregate monthly totals ranging 
from 50” to 60”. 


During the North East Monsoon period from 
December to February, a steady North Easterly wind 
blows across the Island and the rainfall is mainly 
confined to the North Eastern parts. Most of the 
rain, however, is received in December and January. 
February is normally a dry month. The heaviest 
rain is experienced on the North Eastern Slopes of 
the hills where some stations receive about 40” to 50” 
of rain during the 2 months and conditions are some- 
times very severe. During February there is a 
general decrease in rainfall due to the weakening of 
the Monsoon but there are occasional thunderstorms. 
Taking the Island as a whole, the rainiest month is 
November. 


Inter-Monsoon conditions during March and 
April are similar to those in October and November 
but rainfall received is less. Of the 2 months, there 
is greater thunder activity experienced in April 
resulting in more rain than in March and these 
conditions continue until the setting in of South 
West Monsoon. During intense thunderstorms, hail 
is occasionally experienced mainly in the hill country 
but neither hail nor cyclones do any serious damage 
to the Tea in Ceylon. Strong gales are usual before 
the Monsoons break and this necessitates the establish- 
ment of wind belts in exposed areas to break the 
force of these winds which are sometimes so strong 
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that they strip the bushes of their foliage. Frosts 
occur in the highest districts in Nuwara Eliya and 
when severe blacken the bushes, but it is thought 
that frost contributes to quality in the same way as 
dry winds are considered to given pungency and 
flavour. 


The Teas all over the Island are poor in quality 
during the rush months from March to May after 
which quality comes in Uva where the South West 
Monsoon blows dry. Uva teas are poor in quality 
during the humid months of November to January 
when the North East Monsoon is on whilst the 
Nuwara Eliya District gives flavoury teas in January 
for here the North East Monsoon blows dry. 


As topography and the Monsoons are the chief 
factors which govern the amount of rainfall a parti- 
cular place receives, it becomes important and 
necessary for individual estates to collect all informa- 
tion relative to number of wet days, daily rainfall 
and temperature year after year so that the climatic 
conditions ruling over any particular area or estate 
can be more or less accurately defined. 


—oocdooo— 


CHAPTER III. 
THE TYPES AND NATURE OF TEA SOILS 


THE SOILS on which the Tea plant thrives 
successfully range from the lightest sands to the 
stiffest clays. In fact it grows well practically on 
every type of soil of varied texture be it light sand, 
clay, siltorloam. In North East India it does well on 
peat soils which have been adequately drained. In 
Ceylon it is not unusual to see Tea in good vigour on 
stony soils and rocky places. However, the best soil 
conditions which are ideal for its rapi owth and 
development are found on land which has been 
recently cleared of jungle for the simple reason that 
such land is usually in good tilth and texture and is 
rich in humus content and plant food and are acid in 
character due to decay of organic matter in the soil 
over a period of centuries. Grassland and land which 
has been used for grazing purposes when opened and 
planted with Tea yield heavy crops, but this entails 
considerable working up of the soil and involves 
additional outlay. | 


The geological origin or aspect of the soil is not 
of importance because these conside tions are greatly 
outweighed by the actual climatic Rotors which rule 
over a particular area. Tea will not grow in soils 
which have excessive lime present and therefore Tea 
growing should not be undertaken on soils which are 
found to be alkaline in nature. The Tea plant does 
best on acid soils, a characteristic which is probably 
the result of natural selection. It fails in swamps 
and in land which is inadequately drained. Under 
such conditions the Tea bush becomes sickly and 
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yields poorly. It will be noted that even a few days 
of water logging turns its leaves yellow. 


The importance of a sub-soil that is not stiff or 
rocky should be a guiding factor when new land is 
opened up especially in areas subject to drought con- 
ditions. Stiff sub-soils will restrict root development 
and cause death in times of prolonged drought. 


In Ceylon much of the tea areas are on soils 
which have resulted from the weathering of archaean 
rocks belonging to the earliest geological period. The 
best soil for Tea is a medium light loam, deep and 
friable and well supplied with plant food. The best 
Tea soils of the world are acid in character and such 
acidity is attributed to the presence of organic acids 
emanating “from the decay of organic matter or 
humus. The stength of the acid is called its “pH” 
value which denotes the concentration of the Hydro- 
gen ion in the soil solution. An “Ion” is one of the 
components into which an electrolyte is broken up on 
electrolysis. This ion if present beyond a certain 
~ concentration produces acidity. A “pH” value of 7 
denotes neutrality. “pH” values more than 7 denote 
alkalinity and values less than 7 indicate acidity. In 
Ceylon pH values of 6 are common on tea soils which 
denotes weak acidity, but this character is off set by 
the very low lime content in them. As under-acidity 
will adversely influence the economic growth of Tea 
and undermine its cropping power seriously, it is 
advisable to examine the soil for acidity before it is 
opened up for planting in Tea. Weak patches of Tea 
occurring in otherwise good tea land are caused by 
the burning of large trees during the process of clear- 
ing jungle. The wood ashes are alkaline and tend to 
neutralise the soil or make it under-acid. 


The tea lands of Ceylon may be broadly divided 
into three classes namely, Forest soils, Patna soils 
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and Chena soils. Forest soils, as already indicated, 
are invariably the best. In the patnas, soils are 
comparatively poorer than in land which once carried 
jungle. Chena soils refer to the soils of land which 
has been cleared for cultivation by burning, and this 
type of land is planted with Tea only when jungle or 
patna soils are not available. The greater part of 
soils are red in colour, but light coloured soils are 
seen in patches where quartz appears. On account of 
erosion in the past, most Tea soils as seen today do 
not represent the original soils. Generally the soils 
of Ceylon are more uniform than are to be found in 
many countries of the world. In the Tea districts 
there are no marked variations in the character of the 
soil. The differences in types are not great. The 
rocks from which these soils originated are closely 
related and the most important factor is that they 
have been formed under more or less uniform 
weathering conditions. It must be noted that uni- 
form weathering will produce the same type of soil 
from even quite different rocks. Most Ceylon soils 
and especially those of the Tea districts are more acid 
than alkaline. They have the quality of being porous 
and easily workable. They are not rich either in 
Nitrogen or in phosphoric acid in both of which they 
are deficient, but they appear to be naturally rich in 
potash. A favourable feature of Ceylon soils is that 
Limestone areas on which Tea cannot succeed are 
very limited. 


__ The character of the soil exercises a profound 
influence on the size of the crop it will yield given 
favourable weather conditions. Soils which are rich 
in Nitrogen generally yield large crops, and _incor- 
poration of Nitrogenous manures increases crops on all 
types of soils. Soils which are naturally rich in 
Potash and Phosphoric Acid have not been observed 
to yield big crops though they exercise a marked 


(13 ) 


tendency to balance the soil to produce “ Quality” in 
the Tea—a characteristic which will be discussed in 
greater detail in later pages. The subject of Soil 
Structure is treated more fully in the Chapter on 
* Cultivation ’”’. 


CHAPTER IV. 
TEA CULTURE IN CEYLON 


According to records in the archives of the Ceylon 
Government Botanic Gardens, Tea Seed from China 
was first imported in the year 1824 and from Assam 
in 1839. Thereafter organised knowledge regarding 
Tea culture on scientific lines was rapidly gathered 
and by the year 1875 when the Coffee industry 
collapsed, so much progress had been made that Tea 
was in a position to take the place lost by Coffee. 


The Coffee Industry succumbed to the leaf disease 
“Hemelia Vastatrix” in the year 1875 and from then 
onwards Tea cultivation was undertaken on large 
scale commercial basis all over the Island. The area 
under Tea in 1875 was only 1080 acres, Thereafter 
its growth was almost phenomenal as the following 
figures will show :— 


Year Total acreage Tea Exported in Ibs. 
1875 1080 


1880 9274 1,665,000 Ibs. 
1890 220,000 82,269,353 ,, 
1900 375,000 149,227,236 ,, 
1915 409,500 215,632,727 ,, 
1925 422,800 209,791,384 ,, 
1935 557,739 218,194,441 ,, 
1945 549,886 230,042,976 ,, 
1950 561,031 298,098,585 ,, 
1952 567,288 314,494,709 ,, 
1953 572,008 329,430,258 ,, 
1954 574,250 349,857,374 ,, 


The acreage figures given above include small 
holdings as shown in the Administration Report of the 
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Tea Controller, Ceylon. The Tea acreage is distri- 
buted between the three “elevational” categories as 
follows :— 


High Grown (Mean elevation 4000’ or 
more above mean sea level) 185,927 acres 
Medium Grown (Mean elevation 2000’ 
or more above mean sea level) 198,317 
Low Grown (Mean elevation Below 
2000° or more above mean sea level) 120,225 
Small Holdings (Unclassified) 69,781 


Total 574,250 ,, 


Most of the Tea areas are situated above 3000’ 
above mean sea level. The scientific research for the 
Tea industry prior to 1925 was conducted by the 
Government Department of Agriculture. In 1925 the 
Tea Research Institute of Ceylon was formed to carry 
out all scientific research work connected with Tea 
under the first Directorship of the eminent Mycologist 
T. Petch B. A., B. Sc. who’ made many notable 
additions to the knowledge of the fungus diseases 
attacking Tea. 


The Tea plant found in Ceylon does not represent 
either the Chinese or Indian varieties true to type. 
It has been best described as “ the offspring of multiple 
hybrids”. These hybrids through many years of cross 
fertilization have adapted themselves to local climatic 
conditions and environment. 


In Ceylon Tea grows well in all elevations. The 
minimum annual rainfall needed for its successful 
growth is 60” provided it is evenly distributed 
throughout the year. This condition is amply satis- 
fied in all the tea districts of Ceylon. In order to 
understand and throughly examine all aspects of Tea 
Planting and to serve the needs of the beginner as 
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best as possible, these notes are prepared to take the 
reader through all the stages of Tea Planting, of 
bringing the bush into bearing, correct Plucking, Soil 
Conservation, principles and methods of cultivation, 
pest control and all other matters connected with the 
subject. As we advance, we shall examine more care- 
fully and in greater detail the physiological (relating 
to organic functions), and pathological (pertaining to 
diseases) matters and also touch upon the chemistry 
of Tea in as simple a manner as is possible bearing in 
mind all the time the needs of the practical planter 
more than those of the student of science. | 


We shall commence at the point where suitable 
land is chosen for the growing of Tea, consider how 
the land is cleared and follow step by step all neces- 
sary field works which are done in their proper 
sequence by both old and modern methods so that the 
subject may be grasped with complete thoroughness. 
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CHAPTER V. 
OPENING OF LAND—FIELD WORKS 


Choice of Land. As already stated, Tea grows 
best on land which has carried virgin jungle, 
and this is the type of land which is most sought 
after for planting Tea. If jungle land is not available, 
then patna land will serve the purpose but will entail 
more working of the soil as it will not bear the same . 
tilth and texture as jungle soil. Only when neither 
jungle nor patna land is available, then the choice is 
limited to chena land which refers to land that has 
been burnt down before cultivation. Steep and rocky 
terrains are unsuitable. They are uneconomic and 
difficult to open and to work and maintain later on. 
Low lying land, unless capable of being adequately 
drained at reasonable cost, should be avoided as Tea 
will be sickly and will give very low yields. ' 


The unsuitability of any land for Tea planting 
can be determined by the following factors which 
may be used as a guide :— 


(a) Land showing slab rock has usually very little 
soil depth, and in times of drought, the 
plants will wilt and deaths occur. 

(b) Land having soil made up of quartz is not 
only poor in plant food, but its texture and 
water retaining capacity are unfavourable 
to the economic growth of Tea. In dry 
weather such soils quickly become baked 
hard and plants are adversely affected. 

(c) Again very light friable soils should be avoid- 
ed as they cannot withstand erosion caused 
by heavy rains and high winds. 
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(d) Although limestone areas are rare in Ceylon, 
when land showing limestone is encoun- 
tered, it is advisable not to undertake 
planting thereon as it is invariably under- 
acid and therefore adverse to the growth 
and development of Tea. 


(e) Swampy areas should be avoided because of 
the prohibitive cost involved in adequately 
draining it and on account of the additio- 
nal outlay to reduce its sourness and 
acidity by the incorporation of lime. 
Moreover such soils need to be worked for 
adequate aeration and to get it in proper 
tilth. 


Clearing the Land. The first step would be to 
select a site for cooly lines and after the planter has 
built for himself a house or bungalow, usually of a 
temporary nature, clearing operations are commenced. 
If the land to be cleared is under jungle, clearing 
should commence with the beginning of the dry sea- 
son, when unhampered by inclement and adverse 
weather, greater progress can be made. This will also 
give sufficient time in which the jungle growth cut 
down will dry up and greatly facilitate the task of 
setting it afire. The tree stumps are usually left to 
rot where they have been felled, or they are rolled in- 
to depressions and allowed to rot there, Collecting 
and burning of the trees in a pile, although done in 
former years, is now viewed with disfavour because 
the resulting alkaline wood ash will later account for 
weak patches of tea in succeeding years. The tropical 
agents of decay are so rapid in their work that in five 
or more years’ time, little or no evidence of the 
original jungle is to be seen. In the meantime, the 
presence of the logs, trunks and stumps which lie here 
and there hinder planting operations to a certain 
extent. The best plan would be to uproot all such 
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stumps with the aid of monkey jacks or other similar 
implements and remove them along with the other 
logs and trunks and deposit them where they may be 
used for other purposes such as fuel or timber. If 
dead wood is left for considerable time, it promotes 
the growth of fungus diseases which are a serious 
menace to ‘Tea. While clearing operations are in pro- 
gress, suitable sites for Tea Nurseries with a perennial 
supply of water should be selected and prepared. 
Details of this work will be fully discussed under the 
heading ‘“ Planting Tea”. : 


Roads. The next step would be the tracing and 
cutting of roads. This must be done with the main 
purpose of gaining easy accessibility to all parts of the 
land. Well planned roads for vehicular traffic and 
leaf and manure transport will greatly save labour 
and facilitate supervision of all works. Gradients 
should be carefully chosen so that there will be no 
undue strain on haulage vehicles or draught animals. 
It is difficult to obtain easy gradients of 1 in 30 in 
most estates, but wherever possible, slopes should 
not be made steeper than 1 in 20 or 1 in 15. 


With regard to Field Roads, a gradient of 1 in 15 
or even less is perferable as an easier gradient will not 
get up a hill quickly enough. At the same time, steep 
gradients under 1 in 10 should be avoided as they 
make the roads easily liable to be washed away during 
heavy rains. Field Roads should be cut to facilitate 
proper working and supervision of work in the fields. 
The paths should be made to run diagonally across 
each other whereby the land is divided into a series of 
quadrilateral blocks. This system gives easy acces- 
sibility and prevents the need for “short cuts” across 
the tea. It is good practice to cut the roads with a slope 
towards the bank so that the risk of wash is minimised 
because the channel formed by the bank and the road 


( 20 ) 


provides an easy course for the water to flow which 
will otherwise wash down into the tea. 


Inadequacy of side drains is another cause from 
which roads suffer much damage. If the drains are 
not capable of carrying away the flood waters during 
heavy down pours then the water will rush down 
along the roads causing extensive damage. Therefore 
it is wise to have along roads side drains of adequate 
dimensions of 15” in width and 10” in depth. Tracing 
of roads should be made in such a manner as will 
entail the least amount of building up or blasting. 
Cutting is by far the cheapest method and should be 
resorted to as much as possible. 


Drains. Draining serves two important purposes:- 


(i) To carry off superfluous water during 


rains. a 


(ii) To prevent soil erosion. 


All drains should be therefore cut in such a 
manner that they will permit the maximum retention 
of water by the soil and at the same time help to con- 
serve the top soil of the land and prevent its loss by 
being washed away into the leader drains, ravines 
and beyond. At the same time, they should be 
adequate for the purpose of draining off the excess 
water during heavy rains. Good deep drains with 
silt pits, bunds or reverse slopes will pay dividends in 
the course of time. They are vital for the conserva- 


tion of the soil on which the entire economy of the 
land depends. 


Before commencing excavation of lateral drains 
the first step is to establish the natural water courses 
of the land. These are usually ravines or lar 
natural draitis. If the natural ravines of the land are 
too far apart, artificial leader drains should be cut in 
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between them at reasonable distances to which the side 
drains may be diverted. Thereafter lateral drains 
should be traced along the contour of the land in very 
easy gradient of 1 in 80 sloping gently into the leader 
drains. On the question of spacing between the 
lateral drains, no hard and fast rule can be laid as 
this will depend on the lie of the land. On flat land 
the drains could be conveniently spaced 60’ apart, in 
gently undulating ground between 30’ and 40’ and in 
steeper terrains a spacing of 20’ will be found to be 
adequate. Drains must not be cut at steep gradients 
because they defeat the purpose of soil conservation. 
Flow of water in such drains will be rapid and they 
will promote rapid erosion and valuable silt that 
should be conserved in the land will be carried away 
and lost for all time and the drains themselves will 
become large channels by constant erosion of its sides. 


In most estates which were opened up more than 
fifty years ago, drains were originally cut at steeper 
gradients. But these are being corrected in the 

present time either by reversing their slopes within 
the drains, or by filling them and cutting new drains 
of easier gradients. 


In former years, it was the standard practice to 
cut side drains of 12” to 18” in width, 18” in depth 
with silt pits of 2’ depth at intervals of about 30. 
The present day favours the “trench” system. Here 
side drains are cut along the contour of the land in 
easy gradients of about 1 in 80 forming a series of 
trenches and bunds. The normal dimensions are as 
follows: The trenches are 12’ long, a foot wide and 
2’ in depth followed by a bund 3’ long and 13° in 
height which is the spill level of the water. This may 
also be described as the “lock and spill” system and 
it efficiently conserves the soil because it catches most 
of the top soil which would otherwise find its way 
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into the ravines and be lost. Alternatively, the 
bottoms of the drains can be provided with a‘series of 
steps at 1}’ intervals so cut as to produce a backward 
slope between the steps. All these measures ensure 
soil conservation. 


When draining is taken in hand, it must be com- 
menced from the top of each hill and the spoil should 
be spread out at least 3° well above the drain. This 
will obviate not only the filling up of newly cut drains 
below, but also act as a measure of soil conservation 
in that the soil excavated will eventually find its way 
only into the drain and the silt pits from which it 
was excavated, and no further and thus remain per- 
manently on the land. 


It will be appropriate here to quote the relevant 
regulations framed under the Tea Control Act No. 28 
of 1949 regarding drains to impress on the mind of 
the beginner the importance of all the measures that 
have been recommended in this chapter. 


TEA CONTROL ACT, NO. 28 of 1949 
Notification No. 1 
Regulations 


17. Every holder of a licence to plant Tea shall 
adopt, before he commences so to plant, 
the folowing measures for the conser- 
vation of the soil of that land— 


(4) All lateral drains must approximate 
to the contour and be so designed that 
the surplus storm water they carry 
spills into existing natural drainage 
lines, leader or storm drains. 


(5) All lateral drains must be provided 
with silt pits, lock and spill or reverse 
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slope sections designed to bring about 
the maximum absorption of rainfall 
on the spot and to minimise run off. 


(6) The upper margins of all lateral drains 
must, where possible, be protected 
from erosion by means of hedges of 
Tea or of natural vegetation or of 
suitable material. 


(7) All natural drainage lines must be 
maintained as leader drains. 


(8) Every natural drainage line, leader 
drain or storm drain shall be inter- 
rupted at such intervals as the angle 
of fall and the length of the outlet 
may demand, by stops designed to 
check the rate of fall and to minimise 
gully erosion. 


Leader Drains. Leader drains or “netticans” 
with the course of time become too large and assume 
the shape of ravines and expose roots of Tea on either 
side of the banks and place the bushes in imminent 
danger of being washed away during a heavy down 
pour. Before these drains develop into such undesi- 
rable proportions and outgrow their usefulness, bunds 
should be built across them at intervals of 30° during 
the dry season. The rapidity with which these bunds 
get filled up is most amazing and it will greatly faci-: 
litate the task of building embankments on the sides 
of the leader drains to prevent further side wash. It 
has been found by experience to be most useful to 
have pits 4’x4’x4 below each such bund in the 
leader drain as these pits help to collect and conserve 
further silt and top soil that may find its way into 
them during heavy and continuous rains and at the 
same time act as an effective check to break the force 
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of the large quantities of water running down the 
leaders during wet weather. 


Cleaning Drains. In the course of time, drains 
become filled and it will become necessary to clean 
them by removal of the filled earth and silt. Care 
should be taken to distribute this soil and silt above 
the drain from whence it came. If the silt is thrown 
down below the drains, we are no longer conserving 
the soil, but are aiding erosion by slow degrees and 
defeating the very purpose of silt pits and trenches in 
the drains. It is admitted that carrying the soil 
above the drains from where it was washed down is 
more expensive and more difficult than it would be to 
throw it down to be washed away with the next rains, 
But in the interests of soil conservation, it is the 
correct procedure and it will pay dividends in the long 
run to keep the soil on the land. It will be more 
advantageous still to distribute this soil above the 
drain around the collar of each bush and cover exposed 
roots therewith during the time when the drains are 
cleaned. It will not take more than six months to 
see the tangible results that will ensue from the 
wisdom of this action, 


It would-be false economy indeed and wasteful of 
top soil if drains are cleaned by the wrong method. 
Soil erosion is accelerated and eventually when the 8 
or 10 inches of top soil of the land has been denuded 
and washed away completely, the land will become 
unproductive and uneconomic as evidenced by many 
properties where vacant ground and weak impover- 
ished bushes bear testimony to the ravages of cheap 
and thoughtless work. It is essential, therefore, that 
the beginner who is aspiring to be a successful planter 


must bear this important point in mind throughout 
his career, 
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When funds permit, as suggested already above, 
the silt should be carried and deposited around the 
bushes above each drain with particular regard to 
bushes showing symptoms of debility due to wash or 
excessive scraping. The initial cost of cleaning drains 
and carrying the soil may be high, but when regularly 
eo the cost is bound to be within very reasonable 
imits. 


It isa good policy to clean out all drains and 
deepen them where necessary after pruning. After 
each application of manure all drains should be run 
over and the earth and silt in them should be 
cleaned out. 


Terracing. Where plentiful supplies of stones are 
available on the land, terraces should be constructed 
midway above lateral drains as an additional soil con- 
servation measure to prevent wash and erosion. The 
foundation of the terraces should be made with large 
flat stones. Terraces will amply serve their purpose if 
they are 18” high and 18” in width. They should as 
far as possible follow the contour of the land. In 
steep areas, terrace construction is far more econom- 
ical provided stones are readily available than the 
excavation of drains and terraces are equally effective 
in the prevention of wash. While construction of 
terraces is in progress, care should be taken to see 
that they lean slightly against the slope to ensure 
strength to withstand the weight of silt which will 
collect above them in the course of time. In stony 
places, terrace construction not only serves its main 
purpose of soil conservation but also rids the land of 
all stones whereby field works such as manuring, 
‘weeding and plucking are greatly facilitated and a 
better standard of work and better value for money 
spent can be obtained. 
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Planting of green manure shrubs such as Crota- 
laria and Tephrosia along the contour of the land in 
very close formation about 3’ above every lateral drain 
and also between drains will provide an admirable 
system of “ Live Terraces”. The root system of these 
plants, in addition to their other functions, holds the 
soil efficiently and prevents erosion. Their value as 
green manures will be fully treated in a later chapter. 
Hedges of tea with unpromising material from the 
nurseries may be grown with great advantage above 
all drains and paths. The most effective manner in 
which they hold the soil together under the most 
difficult conditions of terrain is very remarkable. 


Lining. This is the next important task by which 
we determine the exact position in which the plants 
are to be put out in the field. In the old days, planting 
was done by the square or the oblong system and the 
rows of Tea were made to run up and down the slope 
of the land. In the “ square ” system, the distance 
between the plants and that between the rows were 
equal, say 3’ x 3’, 33’ x 33’ or 4’x4’.. In the “ oblong” 
system of planting these distances were unequal, the 
distances being, say, 3’ x 33°, 4°x 4}’ and so on. Evi- 
dence of all these systems could be seen in every Tea 
estate. The rows were made to run up and down the 
Slope of the land by means of a lining compass. The 
Square system of 3’ x 3’ for instance will accommodate 
3500 to 3800 bushes according to the amount of space 
taken up by drains, roads and ravines. Larger space- 
ing allowed less number of bushes to an acre, 


Modern planting methods allow a Stand of 6000 to 
7000 plants to an acre, Planting up and down the 
slope is no longer the practice and in fact it has been 
laid by legislation by the provisions of the Tea 
Control Act No. 28 of 1949 that new clearings in tea 
Should be planted on the contour (as against the “ up 
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and down the slope” system of the past), or as near 
the contour as the lie of the land permits. 


Various planting distances are adopted and no 
hard and fast rules can be laid on the question of 
spacing. Where 4’ between the rows and 2’ between 
the plants appears narrow for satisfactory working, a 
distance of 5’ between the rows and 13’ between the 
plants is adopted. But to make the most of the 
land, and to get the maximum number of plants to 
an acre, within practical limits, 4° between the rows 
and 13° between the plants appears to be the optimum 
spacing. 


Contour planting affords several advantages 
which may be briefly summarised as follows :— 


(a) It permits a greater stand per acre than the 
older method. 


(b) The very large number of bushes so obtained 
per acre results in higher yields due to 
more efficient use of the soil’s resources 
and by reason of the greater acreage of 
plucking surface which thereby results. 


(c) It effectively prevents soil erosion by means 
of the level terraces formed along the con- 
tour lines of tea bushes with the passage 
of time, and the better cover which results 
from closer planting affords more complete — 
protection of the soil from exposure and 
erosion. This is primarily of the greatest 
importance and a factor which checks the 
growth of weeds. 


Method of Operations. First of all the distance 
between the contour lines must be decided upon. Once 
this is done, the area to be planted should be marked 
off with this width. It must be noted that the steeper 


( 28 ) 


the area that is to be planted, the closer will appear 


the distance between the rows and discretion must be _ 


used when tracing contours in steep places, and it 
may be necessary to slope the line slightly away from 
the level to obtain the same spacing or to stop the 
line when the contours get too close, 


With a road tracer, trace a level line somewhere 
in the middle of the area to be planted. This line 
should be marked off with pegs at intervals. Working 
with this line as base, other contour lines should be 
traced parallel to it over the whole face of the area 
that is to be planted. To prevent confusion between 
the contour lines, coloured pegs may be used for 
marking alternate rows. Along these contour lines 
pegs should be driven to mark the distance between 
the bushes. Once the rows have been lined in this 
manner, the next step would be to commence digging 
holes or excavation of trenches to accommodate the 
plants. 


Holing. As soon as the pegs have been fixed to 
demarcate the position of the holes holing may be 
commenced. The purpose of cutting holes is to break 
up and loosen the soil so that the roots of the Tea 
plant may penetrate deep into the soil with ease to 
procure necessary moisture and nourishment for its 
growth. Although the initial cost may be heavy, it 
will pay good results in the end to cut holes of large 
dimensions not less than 18” deep, 15” at the mouth 
and 15” at the bottom. A wooden frame made to this 
size should be used to check this important work, and 
when measuring, the depth should be reckoned from 
the lower edge of the hole after clearing the lose 
excavated earth. If rock or stone interferes with the 
cutting of the hole, it may be moved on either side of 
the row by a few inches to avoid such stone or rock 
and to maintain the neat appearance of the row. 


lays 


By Courtesy of the Ceylon Tea Propaganda Board. 
. HOLING, LINING AND TRANSPORTING SUPPLIES FOR PLANTING. 


By Courtesy of the Ceylon Tea Propaganda Board 
LAND EXCAVATED FOR CLOSE 


PLANTING ON THE CONTOUR SYSTEM. 
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Excavating Trenches. When the planting dis- 
tance between the bushes is very small such as 18” 
apart, then in order to help the root activity to a 
maximum in the young plants, instead of cutting 
individual holes for the supplies, trenches are ex- 
cavated along the rows demarcated. These trenches 
should not be less than 18” wide and 18” deep and 
should be cut along the pegged contour lines. If the 
land has not been planted before and it is under grass 
or some form of cover, there is no immediate necessity 
to clean and bare the whole surface. Cutting of 
trenches should be commenced from the bottom of 
the slope. This enables the grass and weeds above 
the trench to be scraped into it and a certain amount 
of soil from the trench above it also will find its way 
into the bottom trench. The longer the trenches are 
allowed to remain open the greater will be the amount 
of leaf droppings which they will collect, and if a 
generous amount of compost and green manure could 
be incorporated with the top soil when the trenches 
are filled the growth of the Tea plants when supplied 
into them will be vigorous. 


Where, however, the soil is in an exhausted con- 
dition and is in vital need for improvement, then 
excavation must be commenced from the top so that 
the trenches will remain bare and the risk of large 
quantities of excavated earth finding its way back 
again into them is minimised. These trenches should 
be filled up completely with as much green manure 
and compost as possible. 


Filling. The best time to commence filling of 
holes and trenches will be about two weeks before the 
actual planting operations are commenced. During 
filling only the topmost surface soil should be used 
after sifting it through the fingers to remove stones 
and sticks to prevent their deflecting the formation of 
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a straight tap root of the plant. Care should be 
taken to see that the re-entry of excavated sub-soil 
in large quantities into the holes or trenches is avoid- 
ed. The best material for filling would be a mixture 
of top soil, compost and as much green growth as is 
available. 


The filled-in soil should be firmly pressed down 
so that water shall not accumulate inside the holes or 
trenches during wet weather. Pressing down of the 
soil helps the plants to establish their rootlets firmly 


_. in the soil from the very start. 


When filling has been completed, distance be- 
. tween the plants should be carefully pegged along the 
trenches and the’soil should be allowed to consolidate. 
If the foregoing points are given due attention, the 
soil will be loosened and its tilth and texture would 


appear to be in the best condition to receive the’ 


plants and help their tap roots to grow straight and 
deep into the soil with ease to obtain necessary mois- 
ture and plant food for their satisfactory growth. 


“ 
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CHAPTER VI. 
SOIL CONSERVATION 


THE ENTIRE economy of any land depends on 
its top soil and it must be adequately cared for and 
protected from the wasting influence of the sun, rain 
and wind. In Ceylon with its tropical climate the 
action of decay is as rapid as growth. The action of ° 
artificial manures, the decay of organic growth, the 
rate at which humus is used up are all rapid. The 
torrential rains of the monsoons make soil erosion 
a serious problem, and to combat all'these factors the 
soil requires careful protection against the agents of 
erosion and decay. 


The most important step in the direction of con- 
trolling soil erosion taken by Government was in 1929 
when the Committee on Soil Erosion was set up. The 
‘Tea Research Institute of Ceylon submitted a Memo- 
randum to this Committee published in The Tea 
Quarterly (Vol. III Feb. 1939 p. 4) excerpts from which 
are given below and are worthy of careful study :— 


“ Asa preliminary to the consideration of methods 
of combating soil erosion, it is advisable to review 
briefly a number of soil properties which contribute 
to, or tend to prevent, soil wash. ” 


(1) Particle Size 


Eroded soil contains particles of varying size 
according to the severity of climatic condi- 
tions and of land contour, but by far the 
most important fraction of this soil is what 
is analytically designated “clay”. This fra- 
‘ction is the most chemically active of all, 
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and is the seat of many of the processes 
that provide the available nutrients for the 
crop. The particle size of clay is very small, 
its diameter according to the latest conven- 
tion being 0.002 mm, (less than one-ten 
thousandth of an inch). Consequently, it is 
easily held in suspension by water for 
considerable periods, and when once in 
suspension settles out only very slowly. In 
undisturbed water, clay particles settle out 
at a rate which does not exceed 30 cms. 
(about 1 foot) in 24 hours. The importance 
of this rate of settling in relation to silt- 
pitting schemes will be considered later. 


- 


(2) Aggregation of Particles 


It is possible to make these fine particles 
adhere together in crumbs which are more 
difficult to take up in suspension, and con- 
versely more rapid in settling. The chief 
factor in producing this effect is humus 
which acts in two ways. Firstly, it acts as 
a cementing material binding individual 
particles, since its jelly-like nature allows it 
to form a thin coating round small mineral 
particles. Secondly, it brings about a com- 
plicated chemical effect usually spoken of as 
mutual flocculation. The result of this 
flocculation is that particles which are 
sustained in suspension by the water are 
precipitated and coalesce, the water thus 
losing its turbidity. 


(3) Water Retaining Capacity 


Soils vary enormously in their capacity to 
hold water without water-logging, and in 
the rate of absorption of moisture. The 
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conditions suitable for rapid erosion are those 
in which the top layer of soil rapidly becomes 
bathed in sufficient fluid to allow the parti- 
cles to slip easily over each other. Anything 
which increases porosity and water-holding 
capacity and facilitates percolation will tend 
to prevent erosion. Again, humus plays an 
important part. The channels left by de- 
caying organic matter provide both for 
intake of water and, what is equally import- 
ant in assuring absorption, outlet of air. 
Trapped air in the soil capillaries is one of 
the most formidable barriers to absorption. 
In addition, the moisture-holding capacity 
of soils is beneficially effected by organic 
matter. A sample of soil, from which 
organic matter and humus have been remo- 
ved by natural or artificial agencies, attains 
a lower moisture content than the original 
soil: the state at which free movement of soil 
particles takes place. 


Applying the knowledge of these properties to 
the prevention of erosion, the task becomes a 
question of :— 


(1) Checking the beating action of rain which 
churns up the surface soil. 


(2) Maintenance of soil porosity which prevents 
the very severe loss from normal surface 
run-off. 


(3) Fostering conditions which produce soil floc- 
culation. 


(4) Interposition of barriers to catch soil un- 
avoidably lost, particularly such obstacles 
as will allow the tardily settling fine 
fractions to be recovered. 
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The rest of this memorandum will be devoted to 
the assessment, in this light, of some of the methods 
outlined therein as possible preventives. 


WEEDING 


The process of weeding as distinct from deeper 
cultivation loosens the surface soil to a degree 
sufficient to hasten the washing out of the fine frac- 
tions without effecting any marked amelioration in 
porosity. The surface water soon finds an imper- 
meable layer and merely takes in its stride the loosened 
surface. On the occasion of the next weeding a 
further amount of soil is prepared for the erosive 
action of the surface water. From this point of view 
clean weeding stands condemned. 


With regard to the effect of clean weeding on 
leaching, this operation stands in the same category 
as any form of cultivation. Undisturbed soil, wheth- 
er covered with vegetation or not, loses less 
nutrients than cultivated land, but losses on cul- 
tivated land are not all ascribable to leaching. 
Nitrogen is lost from cultivated soil where leaching is 
practically absent. On balance, the actual soil losses 
are more important than the leaching losses. 


The efficiency of ground cover is much great- 
er, and it is to low cover that one must look for 
the greatest help in combating erosion. ‘The 
mechanical resistance it offers to soil movement, the 
increased porosity derived from a much finer root 
system and the better distribution of organic matter 
entailed, operating on the principles outlined above, 
give ground cover a special value. As examples may 
be mentioned the contrast in turbidity of drainage 
water on rubber estates planted with Vigna or left 
bare, and the still more striking contrast between 
bare tea and adjacent patna. The extra care in 
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management which ground cover needs is amply 
repaid by the increased efficiency obtained. 


The problem of Soil Erosion in recent times has 
become such a serious threat to the national economy 
of the Country that Government has enacted legisla- 
tion to meet the ends of Soil conservation. The 
Acts promulgated are (a) The Tea Control Act No. 28 
of 1949 and (b) The Soil Conservation Act No. 25 of 
1951. The salient requirements of these Acts are 
given below for ready reference :— 


The Tea Control Act No. 28 of 1949 requires 
every person holding a permit to plant Tea to 
adopt the following measures of soil conserva- 
tion :— 


1. Shade trees must be planted at suitable 
intervals so as to provide a soil mulch and 
to minimise the effect of the beating 
action of rain on the soil. 


2. The tea must be planted on the contour or 
so near the contour as the lie of the land 
may permit. 


8. Contour stone terraces or contour hedges of 
plants providing green manure or of suit- 
able close growing perennial plants must 
be made between the lines to be planted 

with tea. 


4. All lateral drains must approximate to the 
contour and be so designed to bring about 
the maximum absorption of rainfall on 
the spot and to minimise run-off. 


5. The upper margins of all lateral drains must, 
where possible, be protected from erosion 
by means of hedges of tea or of natural 
vegetation or of suitable material. 
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6. All natural drainage lines must be main- 
tained as leader drains. 


7. Every natural drainage line, leader drain or 
storm drain shall be interrupted at such 
intervals as the angle of fall and the 
length of the outlet may demand by stops 
designed to check the rate of fall and 
minimise gully erosion. 


THE SOIL CONSERVATION ACT, No. 25 of 
1951 empowers the Minister of Agriculture, to 
make regulations to be applicable either generally 
in all erodible areas, or specially in any specified 
erodible area — 


4, (a) 


requiring the owners of land to take 
measures designed to prevent or control 
soil erosion, including measures for the 
afforestation of sources of streams and 
of the banks of streams, for the reserva- 
tion of a prescribed width of land free 
of cultivation along the banks of 
streams, for the conservation of vegeta- 
tion along the banks of streams, for the 
training of streams by means of check 
dams or otherwise, and for the erection 
of contour ridges or terraces ; 


prohibiting or restricting the clean 
weeding of land or other agricultural 
practices conducive to soil erosion ; 


restricting the use of land for agricult- 
ural or pastoral purposes, where such 
restriction is necessary for the purpose 
of preventing or controlling soil erosion 
or of. protecting the sources and banks 
of streams ; 
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(d) prohibiting or controlling the exploita- 
tion of forest and grass land resources 
in the interests of soil conservation or 
for the purpose of reducing the danger 
of fires or of damage caused thereby ; 


(e) authorising any prescribed officer or 
person to give directions for seasonal 
or periodical changes in the type or 
nature of crops cultivated, or for the 
adoption or alteration of cultivation 
practices for the purpose of promoting 
soil conservation. 


The first essential in soil management is to take 
the appropriate steps immediately to prevent soil 
erosion. Failure to take prompt action will result in 
serious erosion and loss of top soil. If a soil is to 
remain permanently productive, it must be conserved 
and made to remain where it is. In this connection, 
the consensus of opinion of the Soil Erosion 
Committee expressed in its Report which was issued 
in 1931 was :— 


«THE FIRST AND MOST IMPORTANT STEP 
«IN THE CONTROL OF THE PRESENT 
«SOIL EROSION ON TEA ESTATES IS THE 
‘¢ PROVISION OF GROUND COVERS”. 


What has hitherto prevented a general adoption 
of ground covers on Tea Estates was the non 
availability of knowledge and experience on a suit- 
able ground cover which would meet the following 
ideal requirements :— 


(a) It should be leguminous. 


(b) It should not climb into the plucking sur- 
face of the Tea. 
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(c) It should not possess a deep and tenacious 
root system and can be easily eliminated if 
required. 


(d) It should be easily and cheaply kept under 
control. 


(e) It should not make difficult the application 
of artificial manures. 


(f) It should control and check the growth of 
weeds. 


We are indeed very fortunate now to have a valuable 
cover crop that meets all the foregoing requirements in 
that remarkable legume known as 


“ STYLOSANTHES GRACILIS ” 


Its efficacy to combat soil erosion and improve 
soil fertility has been tested and proved by scientific 
investigation of fact. The following excerpt from 
the Tea Quarterly Vol. XXIV of June 1953 is quoted 
in support of the foregoing statements :— 


«¢ Another method of protecting exposed soil and 
“improving fertility is by the use of ground 
‘‘covers. One of the best of these would seem to 
‘be Stylosanthes gracilis which is now being 
‘tried out with considerable success on a number 
‘‘ of estates......... 


‘‘No weeding was necessary on the cover area 
“for the last two years. It has shown itself to 
“be quite prostrate with no tendency to wind in 
“the bushes and very easy to control. The 
‘‘marked improvement in porosity and water 
“retention combined with the crumb structure 
‘‘would seem to show that the theory that deep 
‘cultivation is needed to aerate the soil is 
“fallacious, while the change in soil colour is 
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‘evidence that organic matter is metabolised 
‘into humus and retained in the soil when the 
‘surface is protected, whereas it is largely 
‘¢destroyed when the surface soil is exposed to 
‘‘the elements. ” 


The Tea Industry has always been progressive 
and has awaited progressive action to meet the 
temporary argument hitherto put forward in favour 
of clean weeding that a suitable cover for Tea had 
not been found. Nothing has contributed so much © 
to the denudation of the original top soils of Tea 
estates and their fertility more than the vicious use of 
that formidable weapon—“ The Weeding Scraper”. 


Now that the solution has been found, it is 
earnestly hoped that all progressive leaders of the 
Tea Industry will re-orient the existing policy as 
regards clean weeding and scraping and adopt 
measures in the light of the knowledge before us to 
conserve and protect that GREATEST ASSET of 
every individual estate, namely, THE TOP SOIL. 


A fuller description and notes on the propagation 
of Stylosanthes gracilis will be found in the next 
chapter on “Shade Trees, Green Manures, Cover 
Crops and Wind Belts. ” 


STR JOHN RUSSELL, D. Sc., F. BR. S., Director 
of the Rothamsted Experimental Station wrote in 
the Tea Quarterly Vol. XII of March, 1939 on the 
subject of ‘Soil Management ” as follows :— 


«There are two essential steps for preventing soil 
«erosion. The first is the growing of some crop 
“that will cover the grownd and protect the soul 
“against the mechanical beating power of the rain, 
«also the roots of the covering crop help the 
« formation of sorl crumbs which are stable to water 
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‘and therefore resist erosion more than separate 
« particles would do. Further, the covering vegeta- 
“tion as it dies supplies organic matter to the soil, 
“and this is one of the most important elements nm 
“making its fertility. 


«The second essential requisite is the prevention of 
“run-off of rain water; the rain water must be 
«made to soak in, instead of being allowed to run 
“off. Drainage must of course be arranged. The 
“up-and-down planting of bushes so popular with 
“the older planters has to be replaced by a contour 
“planting and where necessary and practicable 
“contour banks are arranged. Elsewhere terraces, 
“bunds or in bad cases of gully erosion even dams, 
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“are erected....’’. 


We have the answer to the first essential 
requisite in Stylosanthes Gracilis. The second essen- 
tial has already been dealt with in the previous 
chapter under the headings “Drains”, ‘Cleaning 
Drains” and “Terraces”. But from the point of 
view of anti-erosion methods, it is more profitable to 
prevent erosion than to try and recover eroded soil. 
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CHAPTER VII. 


SHADE, GREEN MANURE GROUND 
COVERS AND WIND BELTS 


TEA isa shade loving jungle plant, and in its 
natural habitat in the jungles of North India and 
Burma, it grows best under the cover of pure Albizzia 
forests. The fertility of these jungle soils is very 
high which consist of a number of rich layers formed 
by the vast amount of vegetable material produced 
in the area and by the leaf fall which is excellently 
protected from the harmful effects of insolation and 
the wasting action of heavy rain. 


Once land is cleared and is utilised for agri- 
culture, the tendency is for the fertility of the soil to 
decline. Therefore, it is very essential in the 
interests of soil economy to maintain the initial level 
of fertility of the soil and prevent its deterioration in 
every possible manner from the very beginning. 
This is best done by endeavouring to approach as 
closely as possible near jungle conditions in our 
agricultural practices by means of a well organized 
and systematic policy of maintaining a satisfactory, 
but not dense, stand of trees and plants for shade, 
green manure and ground cover. All the aspects of 
Green Manuring will be discussed in detail in a later 
chapter under the heading “Green Manuring”. We 
shall now confine ourselves to a detailed examination 
of the various trees and leguminous plants generally 
used in tea, their suitability and purpose under three 
headings: (a) Trees, (b) Bush Plants and (c) Creepers 
and Ground Covers. ‘The basis of selection of suit- 
able Green Manure Trees and. Plants rests broadly on 
the following points :— 


3 
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(1) They should be able to grow easily under © 
the local climatic and elevation conditions, 
and not be easily susceptible to pests or 
diseases. 


(2) They should not compete unduly with Tea 
plants for plant food, air and light. 


(3) They should be capable of supplying a large 
amount of organic matter in the form of 
loppings and leaf fall. 


(4) They should provide sufficient protection for 
the soil and Tea from the drying and 
weathering action of the sun, wind and 
heavy rain. 


TREES 


The advantages to be gained by planting trees 
among ‘Tea are as follows :— 


(a) They provide shade for both the crop and 
the soil, and afford shelter from high 
winds. They help to break the direct 
impact of rain on the soil, and coupled 
with the effect of their leaf fall and 
loppings, they help to check soil erosion. 


(b) Their roots help to open up the soil and 
assist drainage. Their root system in 
constantly breaking up the sub-soil, helps 
Nature’s chemical processes of weathering 
it and making it suitable for replacing the 
top soil. They draw out plant food from 
the sub-soil and enrich the top soil with it 
in the form of leaf fall and loppings. 
Their roots also bind the soil together and 
increase the crumb structure of the soil 
whereby its moisture retention and 


(c) 


(e) 


(h) 
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absorption capacities are increased and 
surface run-off is greatly minimised. 


Natural leaf fall or loppings left on the 
surface of the soil form a mulch which 
helps to preserve soil moisture in dry 
weather. Further, such material will 
gradually decompose and will eventually 
augment the humus content of the soil. 


Loppings incorporated into the soil by 
forking or burying will make a valuable 
addition to the humus content of the soil, 
and such green material provides Nitrogen 
in a cheap form. 


The shade provided by the trees helps to 
check weed growth. 


The planting of trees may increase the rain- 
fall or check the diminution of rainfall 
caused by clearing of jungle. 


In young tea clearings, plant food which 
might otherwise have been lost owing to 
the small area occupied by the roots of 
the young tea plants, is taken up by the 
trees and later returned to the soil in the 
form of leaf-fall or loppings. 


There is evidence to show that high shade is 
beneficial in lessening Tortrix attack. 


If leguminous trees are used, the advantages 
enumerated herein can be obtained with- 
out greatly depleting the nitrogen reserves 
in the soil, and an increase in the nitrogen 
content usually results. 


From the foregoing, it will be understood that 
shade is an important factor in the conservation of 
 goil, water, humus and plant food and it 1s of great 
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value in steep and exposed places without which there — 
will be no adequate protection for the thin layer of 
top soil on which the land’s fertility depends. 


To meet the above ends, immediately excavation 
for tea supplies has been completed, suitable trees and 
bush green manures should be planted. In practice 
a mixture of high and low shade is frequently found 
on Estates. The two trees most used for high shade 
in Ceylon are probably Albizzia Moluccana and 
Grevillea Robusta, and in addition to these, Dadaps 
(Erythrina lithosperma), Gliricidia maculata and other 
trees described in this chapter are frequently inter- 
planted as low shade and to afford a supply of green 
material. Examples of actual planting distances 
adopted in estates situated in various districts are 
given below :— 


District Tree planted Spacing 
Badulla Albizzia Moluccana 40’ x 25’ 
Grevillea Robusta 30° x 30° 


Glyricidia maculata and/or 
Dadap (Erythrina lithosperma) 20’ x 25’ 
Ratnapura Albizzia Moluccana and/or 


Grevillea Robusta 40° x 25’ 
Glyricidia maculata 15’ x 15’ 
Pussellawa Albizzia Moluccana 40° x 40° 
Dadap or Glyricidia 15 x 15’ 
Maskeliya Albizzia Moluccana 30’ x 30’ 
Dadap (Erythrina Lithosperma) 12’ x 12’ 
Dimbula _Grevillea Robusta 25° x 25’ 
Dadaps 15x 15 


_ In addition to the above, various other combina- 
tions of trees are planted, but the planting distances 
are the same. We shall now commence to examine in 
closer detail the various trees which are actually grown 
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in Tea in Ceylon as wellas those grown elsewhere 
which might prove useful for planting in Ceylon. The 
list contained in this chapter does not pretend to 
completeness, and in some cases the available informa- 
tion is very meagre; nevertheless an earnest endeav- 
our has been made to present the practical planter 
with as complete a list as could have been compiled 
from the various sources to which reference has been 


‘made. 


ACACIA Willd. 


A large genus of woody plants of the family 
Leguminosae, found throughout the warmer parts of 
the world, the greater number of species being divided 
between Australia and Africa. Many are of consid- 
erable value, furnishing excellent wood for fuel and 


constrictive purposes, tannin from the bark, resins 
and gums. The leaves of some species serve as fodder. 
They are also utilized as shade trees. 


(Note:—The characteristics of Trees and plants 
of the family Leguminosae will be discussed in closer 
detail in the Chapter on “ Green Manuring”’). 


Acacia arabica Willd. 


This acacia originates in the Sudan, in the East, 
and perhaps in Northern India. It is a tree in which 


the size varies greatly from a bush to height of 25 to 


90) feet. The crown of the tree is patulous with many 
spreading branches and few leaves which are always 
green. This tree is not resistant to shade and requires 
from 20” to 50” rainfall per annum to grow normally. 
Its root system is at first taprooted, then superficial ; 
the tree hasa rapid growth. The fructification is 
abundant when the tree is 5 to 7 years old. The wood 
is used for fuel and construction ; the bark for tannin 
and colouring matter; the leaves are consumed as 
fodder; goats eat the ripe pods which fall, and the 
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seeds which have passed through the digestive tract 
of these animals germinate more easily. 


India.—This acacia grows wild. It is used as a 
forage plant and as a shade tree in the Presidency of 


; 
e 


é 


Madras, though not commonly found. In the United — 


Provinces it is utilized only for the wood, the gum 
and the tannin. In the Punjab, it is sometimes used 
as a shade tree. 


Acacia auriculaeformis A. cunn. ex Benth. 


A small tree in which the crown is patulous, with 
the branching begianing very low, and with very large 
lateral branches. This species is probably resistant 
to a certain amount ofshade. It belongs to low-lying 
regions, being satisfied with very poor soil; it is well 
adapted todrought. The fructification is very abund- 
ant, apparently the whole year. Growth is rapid, 
30° in 4 years. It is easily pruned, and has many 
nodules and many leaves. This tree is recommended 
for making hedges in regions at high altitude where 
Leucaena glauca is not able to grow. 


Acacia decurrens Willd. 


This species has four varieties ; dealbata F. v. M., 
mollis Lindl., normalis Benth., pauciglandulosa F. v. M, 
All these varieties originate in Australia; in that 
country they attain a height of about 60 feet; in Java 
they are even taller, with the exception of ‘dealbata’. 
The crown is more or less dense ; the ‘normalis’ variety 
allows more light to penetrate than the others; the 
branches are not very abundant, the trunk is fairly 
regular. 


All these varieties need plenty of light ; however, 
they are adaptable to variable climatic conditions ; 
also they grow very well in poor soils. The fructi- 
fication is abundant all the year. The roots are 
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tap-rooted when the trees are young ; then an abundant 


superficial root system develops which makes the trees 


very susceptible to strong winds. The trees grow 
very quickly when young; there has been noted at 
Java an annual average growth of 10’ during the first 
five years. 


Ceylon. In Ceylon, this tree commonly known 
as “Black Wattle”, has been cultivated as a shade 
tree in the Tea since 1881, above an altitude of 4500’. 
In lower elevations it has not been successful and its 
life is limited to about four years in areas under 4500. 
Propagation is from seed which is hard and to obtain 
quick germination, soaking in hot water is desirable. 
It is normally sown in nurseries and the seedlings are 
transplanted in the field when 4 to 6 inches in height. 
Holing, though not necessary, is desirable. Some 
estates find that self sown seedlings are preferable as 


these are found to be hardier. The spacing adopted 


by estates varies between 15°x15' and 20'x30'". A 
fair average would be 15'x 20’. In windy districts, 
the trees are planted sometimes in thick belts. 


The trees are usually lopped. Three loppings a 
year is the maximum, but two loppings are normally 
performed. There are other estates which lop once 
only per year. In the Nuwara Eliya District, it is 
usual for estates to lop lightly once between October 
and February, and again more closely before the 
advent of the South West Monsoon in order to 
minimise the incidence of the leaf disease Cercosperella 
Theae which spreads from Acacias to Tea. AS deaths 
after lopping are common, the tree cannot be said to 
stand up to lopping very well. It is the general 
opinion that Acacia decurrens grows too big in time 
and requires uprooting, but opinions differ as to the 
best age at which this should be done. Some estates 
reckon the limit of useful life of the tree at 4 to 5 
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years, but local conditions of growth and experiencé — 
will be the best guide. 


The main objection to this tree is probably its 
susceptibility to the disease Cercosperella Theae 
which is most common in districts subject to much 
mist. The incidence of the disease may be lessened 
by close lopping before the South West Monsoon. In 
Clearings, the roots of Acacias are said to have the 
tendency to strangle young Tea plants. In spite of 
these disadvantages, the tree is of great value as a 
means of supplying green material and for protection 
against wind. It affords a valuable source of fuel and 
the wood is often used extensively for fence posts. 
A really suitable substitute for Acacia decurrens at 
high elevations has not been found. It has also been 
found to be very useful for re-afforestation of eroded 
hills. 


Acacia elata A. Cunn. 


Acacia elata is a tree attaining 90’ height in Java 
and only 60 feet in Australia its country of origin. 
The trunk has a diameter which may attain 3 feet to 
a depth of 23’. The crown is low, rather patulous, 
with few large branches and the foliage is dense. 
This species requires plenty of light, but is very 
resistant to wind. The fructification is less abundant 
than that of Acacia decurrens, but at the same time 
is sufficient. It has a very good root system, composed 
ofa long tap-root and a large ‘net-work of lateral 
roots. This species suffers very little from diseases 
and pests. It is being increasingly used in Java in 
the arborescent cultivations at high altitudes, also in 
forestry cultivations, 


Acacia falcata Willd. 


This is a small tree or shrub which comes from 
South-Western Australia. It has an abundant 
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fructification which begins in the first years of growth. 
In Australia the bark is used as a poison for fish. This 
tree has been introduced into Java where it grows ° 
very well at Tjinjiroean. It is cultivated in the 
cinchona ranges. It lends itself easily to pruning and 
gives plenty of loppings. Its cultivation is recom- 
mended for high altitudes. 


Acacia Farnesiana Willd. 


This acacia is a small tree attaining a height of 
about 12 feet. It is cultivated in all the tropical 
regions of the world, and the exact place of origin is 
no longer known. It is probable, however, that it 
originated from America. At present it is found all 
over India, Netherlands Indies and Malaya. It serves 
asa protection for plantations situated near roads, 
and asatree has no utility. Its use has spread in 
pasture lands where, if not planted too close together, 
it is usefulin time of drought by which it is not 
affected in any way. Cattle readily eat the pods and 
leaves. 3 


Acacia implexa Benth. 


This isa tree which in Australia, its country of 
origin, attains a height of 30’; in Java, where it has 
been introduced, about 75’. It has a long straight 
trunk, and the crown begins very high and is rather 
sparse. In Java it has an abundant fructification. 
It is found on the slopes exposed to the winds, and it 
resists drought fairly well. The wood is dark, very 
hard and very solid. The use of this acacia is 
especially recommended as a tree for protection and. 
in arborescent cultivation at high altitudes. 


Acacia longifolia Willd. 


This is a small tree which does not attain a height 
of more than 30 to 40 feet. The floribunda variety 1s 
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a little higher from 45’ to 60’ with a trunk having a 
diameter of 18”. The small specimens are more or 
less like a shrub, and the trunk is often bent. The 
crown is not very dense but rather high and light. 
These trees require a great deal of light. They are 
found especially in Australia by the side of rivers. 
In Java, its fructification is abundant. The radical 
system is only superficial and as a result the trees may 
be easily uprooted by wind. 


Acacia melanoxylon R. NB. 


This Acacia, in Australia, attains a height of 90 

feet with a diameter of 2 to 3 feet. It has a regular 
and upright trunk. Its use combined with other trees 
in high altitudes is considerable. In Ceylon it has 
been used in several estates in the higher elevations 
as a shade tree, but on account of its spreading root 
system, its use in Tea is restricted. 


Acacia Oraria F. v. M. 


This isa small tree from 30 to 40 feet in height 
and originates from the Netherlands Indies. Its 
crown has a patulous aspect and is found in altitudes 
from sea level to 2000’. Its growth is rapid even on 
poor soil. As it is very susceptible to the ravages 
of Corticiwum javanicum, it is generally not 
cultivated. 


Acacia podalyriaefolia A. Cunn. 


This is a large shrub or small tree which has 
rather a sparse crown, very patulous and needs plenty 
of light. Its roots are tap-rooted and lateral, which 
spread out. It has been cultivated a great deal as a 
green manure plant in Java, but has since been 
abandoned owing to its great susceptibility to root 
fungus. j 
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Acacia pruinosa A. Cunn. 


This tree attains a height of about 80’ in Java 
the crown is rather patulous beginning fairly low 
down, and allows much light to penetrate. Its fructi- 
fication is abundant and its radical system is identical 
to that of Acacia elata. It has a rapid growth... It is 
used extensively as a shade tree in Java in plantations 
situated over 4500 feet. It is rather susceptible to 
wind and therefore it is not used as a wind-break 
except when Acacia elata is not available. 


Acacia villosa Willd. 


This is a shrub or tree attaining a height of about 
12 to 15 feet and it resembles greatly Leucaena glauca, 
but is less resistant to shade. In Java, it has an 
abundant fructification all the year, especially during 
the east monsoon. It was introduced into Java in 
1920 from Central America where it is often associated 
with teak, to replace Leucaena glauca, notably in 
poor and dry soils, and in regions where the latter is 
damaged by cattle. It has been tried also in Java as 
a green manure plant in Tea Estates. 


Acrocarpus fraxinifolius Wight et Arn. 


This tree attains a height of about 20 to 30 feet 
in about 3 years. In Ceylon it has been tried out as 
a shade tree in higher elevations around Dimbula, 
Maskeliya and elsewhere and although it affords useful 
shade and fair leaf fall, it is susceptible to attack by 
pests notably Terias silhetana (the Albizzia Cater- 
pillar) which in some cases strips the tree bare of 
foliage. The habits of this tree are not sufficiently 

well known yet. 


Adenanthera microsperma T. et B. 


Trees of this species have been diffused all over 
the tropics by man. The tree is of slow growth and 
is not suitable-fora ten.in Tea Estates. 
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Adenanthera pavonina Linn. 


This Tree is also found all over the tropics. In 
Malaya, Indo-China and Netherlands Indies, it is used 
as a shade tree or else cultivated in association. Its 
leaves fall during a certain period of the year, but its 
use as a shade tree has been found to be satisfactory. 


Aeschynomene americana Linn. 


This is a medium sized plant which is found in 
most of the tropical regions. It has been introduced 
into Java from tropical America. It has been tried 
asa cover plant, but was found to be of little use as 
such. It is a sturdy plant, disseminates spontaneously 
but it has the disadvantage of drying up during 
drought periods, and thus causing danger of conflagra- 
tion. It has been used also in Java in cultivation 
with teak, in marshy regions when it is desired to 
exterminate grasses. The results have been fairly 
_ Satisfactory. 


IZZIA Durazz. 


This is a rather large genus of the fami 
Leguminosae, consisting mostly of trees though some 
are woody climbers. They occur throughout the 
warmer parts of the Old World. Some trees give good 
timber, the bark of others is used for tanning. Many 
of the species are employed as shade trees. Leaves 
of others serve as fodder. , 


Albizzia chinesis Merr. 


(Syn. Albizzia stipulata Boiv., Albizzia marginata 
Merr., Inga umbraculiformis Jungh., Inga purpurascens 
Hassk. ) 


In Java this species is used for afforestation of 
waste lands found in medium altitudes. It has the 
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advantage over Albizzia falcata in being less attacked 
by borers and more resistant to wind. It is sometimes 
attacked by the caterpillars of Terias hecabe, and is 
used as a shade plant in tea estates. In India its use 
in Tea Estates has been found to be satisfactory in 
that this tree improves the soil and has a favourable 
influence on the Tea plants growing in its shade. In 
Ceylon it has been tried out and whilst results have 
been very satisfactory in some estates, it has been 
disappointing in others. 


Albizzia falcata Baker. (Syn. Albizzia moluccana 
Mig. Adenanthera falcata Linn.) 


This is a large tree with a very rapid growth. It 
produces many leaves and numerous nodules on the 
roots. Itis widely used in Tea plantations where it 
has given excellent results. If the soil is good it can 
be planted among the tea without any special method. 
If it is found that at a certain depth the ground is hard, _ 
it must be well dug up, otherwise the trees will rem jin 
small and stunted. In very poor soils it is best to 
plant the trees first in baskets in the nursery and then 
to transplant them leaving them in the baskets. As 
these trees give a dense shade, they must be planted 
at a fair distance from each other. The seeds have a 
very hard tegument, and to obtain a good germination, 
+t ig advisable to soak them in water'at 50 to 70°C for 
several hours and sow them while they are still wet. 


In Ceylon this Tree is known by its name 
Albizzia moluccana, and is one of the best known 
highshade trees widely used in plantations below 4000 
since 1880. It isa large tree with a spreading habit 
and light featherly foliage. It is also grown in India 
but to a less extent than Albizzia stupulata. Although 
it can be grown at almost any elevation in Ceylon, it 
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is less successful at elevations higher than 4000’, and 
its inability to stand strong wind is a further dis- 
advantage. 


Propagation is always from seed as cuttings are 
seldom successful. Soaking the seed in hot water as 
stated earlier will hasten germination. Basket plants 
are found to be most successful, but seed at stake is 
often used, 3 to 6 seeds being sown together. If 
planted at 25’ x 25’, 6 seeds are sown together. 1 Ib. 
of seed is said to be enough for 20 acres. Holing, in 
any case, is advised. 


Spacing will depend on whether the Albizzias are 
grown alone or in conjunction with other trees, and 
also on the treatment it is intended to give them. 
If they are to be lopped, closer planting can be 
adopted than if they are planted solely for high shade. 
A great variety of planting distances is adopted by 
estates ranging from 10’ to 60’ x 60’. Probably 
30’ x 30’ can be taken as an average where albizzia is 
planted alone. When mixed with Dadaps or Gliricidias 
the following examples of estate spacings are quoted :— 


Albizzia Dadap or Gliricidia. 
20’ x 20° 10’ x 10’ 
20’ x 20’ 16 x 16 
40° x 40’ 12’ x 10’ 
BH: xX 35’ 10° x 10° 
16° x 16 16’ x 16 


One of the chief draw-backs in Albizzia moluccana 
is the large size to which it attains. This growth can be 
kept in check by regular lopping from a comparatively 
early age. The tree, however, does not generally 
stand loppings well and the death of the tree often 
results when hard lopping is resorted to. Moreover, 
the weight of green material obtained per acre is 
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substantially less than which can be obtained from 
Dadaps or Gliricidia maculata. If grown in conjunc- 
tion with other trees, Albizzias are usually used for 
high shade, and to afford some measure of protection 
against Tortrix. In this case, the trees are not lopped. 
In other cases, a proportion of the trees is lopped and 
the remainder allowed to grow up for high shade. 
Some estates have given up lopping Albizzias on 
account of the casualties that result. Lopping too 
early nearly always results in damage. The best size 
for lopping would be when the trees have attained a 
girth of 18 inches at 3 or 4 feet from the ground. In 
estates at higher elevations, these trees are pollarded 
at 10’ to 15’, and lopping is done at intervals varying 
from twice a year to once in 18 months. When 
lopping, it is always advisable to leave a number of 
unlopped branches on the trees, otherwise death is 
liable to result especially if dry weather follows 
lopping. It is usual to lop the trees at the time of 
manuring when the green material is forked into the 
ground along with the manure. 


The weight of green material per acre from lop- 
ping Albizzias will always be considerably less than 
that which can be obtained from lopping Dadaps, 
Gliricidia or Acacia Decurrens, and in view of this and 
the inability of the tree to stand hard or frequent 
lopping, it would appear preferable to make use of 
one of the above trees as a source of green material 
and to plant Albizzia moluccana only for high shade. 


The question of the removal of old Albizzias in 
Tea is an important one and is beset with considerable 
difficulties. The operation of eradicating large 
Albizzias is very laborious and expensive and is bound 
to result in considerable damage. The consensus of 
opinion is that the trees get too big in the course of 
time and must be periodically removed. The trees 
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usually tend to get out of hand after the tenth year 
of their growth, and a ten year programme of removal 
and replanting albizzias in Tea will appear to be a 
sound policy. If they are felled, the branches must 
be lopped before felling to avoid extensive damage to 
Tea. Ring barking of old albizzias is commonly 
practised with varied results. This practice is viewed 
with disfavour as it isa source of danger to labour, 
and where roots do not rot fast enough, Ustulina sets 
in and does damage to Tea. 


The wood of Albizzia moluccana is of considerable 
value and is used for making tea chests. This tree 
will often grow on poor soil where it has been found 
impossible to establish other trees. 


Albizzia fastigata Oliver. 


This species of Albizzia is of slow growth and 
attains a good height with a patulous crown and is 
used as a shade tree in Africa. It has not been tried 
out in Ceylon. 


Albizzia Lebbek Benth. (Syn. Albizzia latifolia 
Boiv. Inga Leucoxylon Hassk.) 


This tree although not used in Ceylon as a shade 
tree, is grown for this purpose in India, Indo-China, 
Madagascar and Africa. It is a large tree and is able 
to grow in different climates. It does not give too 
dense a shade and grows fairly rapidly. It is suscep- 
tible to cyclones by which it is easily uprooted. 


Albizzia lophanta Benth. 


Experiments regarding the suitability of this 
species for use on Tea Estates as a substitute for 
Acacia decurrens has been made since 1891 with dis- 
appointing results, 
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Albizzia malacocarpa Standl. 


This is yet another species of the Albizzias, but 
it is not grown in Ceylon or in India. It is grown in 
Colombia where it is utilized as a shade tree for coffee. 


Albizzia montana Benth. 


This tree is indigenous to Java where it is often 
found in the mountainous regions and has been tried 
out asa green manure tree for improving the soil. 
It grows quickly but has the disadvantage of being 
susceptible to the attacks of a fungus forming galls. 


Albizzia odoratissima Benth. 


This tree commonly known as ‘ Suriya Mara” in 
singhalese is not used in Tea plantations in Ceylon. It 
is grown as a shade tree for Tea in certain districts in 
Assam particularly on very light grey soils. It is also 
grown in the Darjeeling districts. In these Tea areas, 
it is said to be very beneficial to Tea. It is a tall tree 
with a fair amount of leaf fall but never becomes 
completely bare. 


Albizzia procera Benth. 


This is a large spreading tree conspicuous for its 
yellowish white bark. It is indigenous to India where 
it is used as a shade tree in some Tea estates in Assam 
and E. Dooars. It is not used in Ceylon Tea 
Estates. 


Albizzia stipulata Boiv. (Syn. Albizzia chinensis 
Merr., Albizzia marginata Merr.) 


In Singhalese this tree is known as ‘Sau Kabal 
mara”, or “Hulan mara”, and although it is little 
known in Ceylon, it is of immense importance in North 
India. It is largely grown in the Tea plantations and 
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is the most favoured tree for planting in tea in Northern 
India. Bald says that the loppings from a valuable 
mulch and that the light foliage does not overshade 
the Tea. Mannand Hutchinson state that it becomes 
almost leafless in the hot dry weather. It is very deep 
rooted and is propagated from seed which is freely 
produced. The tree is stated to be very indifferent to 
soil differences. The timber is more valuable than 
that of Albizzia moluccana and it does not grow so big 
or so fast. This tree has been tried out in Ceylon but 
its growth has been found to be comparatively poor 
and it does not stand lopping well. 


CASSIA Linn. 


This is a large genus of trees, shrubs and herbs of 
the family Leguminosae, found throughout the warm- 
er parts of the world. Many of the species contain 
emodin and allied glucosides, and have medicinal 
uses. A fair quantity of tannin is often found in the 
bark. Several species are cultivated as ornamental 
trees. As arule, all leguminous plants of the Cassia 
genus, without nodules, are harmful to the main crops 
with which they are associated. Their use either asa 
cover crop or as a shade plant is therefore limited. 


Cassia fistula Linn. 


This is a tree indigenous to the Indies and diffused 
over the hotter regions of Asia. In India it is some- 
times used as ashade tree in the Bombay Presidency 
and United Provinces. 


Cassia grandis Linn. 
This tree has been only recently introduced into 


the Bombay Presidency in India where it is utilized 
as a Shade tree, 
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Cassia multijuga Rich. 


This tree has been used in Java for reafforestation 
especially in poor soils. The possibility of using it in 
tea was at one time considered, but it was dropped as 
the tree was not found to be hardy enough to be of 
any great use. 


Cassia siamea Lam. 


This is a medium-sized tree which is found all 
over the Indies. In India it is cultivated and seems 
to be of future importance for use as green manure. 
Owing toits tap-root system, it is unlikely to cause 
any danger to the main crop through evaporation; it 
is very resistant to wind and furnishes a good timber 
wood. It must be planted fairly well spaced out, as 
it gives a dense shade. It is topped early to make it 
spread. It may also be used as a wind break. 


Crotalaria agathifolia Schweinf. 


This grows wild in the Nandi jungles, Kenya. 
The seeds are slow to germinate but once started the 
plant is a quicker grower than most other crotalarias 
and reaches a height of about 10 to 12 feet in about 
twelve months. It first branches at about 3 to 4 feet. 
A heavy canopy of foliage is produced which appears 
to offer resistance to pests and diseases. It also does 
not appear to be susceptible to the ‘¢Ceratophorum ” 
leaf spot disease commonly associated with crotalarias. 


Dalbergia assamica Benth. 


This tree is a native of Assam and was introduced 
into Ceylon in 1927 and has been tried out as a shade 
tree for tea. It appears to be suitable for use as a 
permanent shade tree and the results are promising. 
In Assam it is used as a shade tree in Tea plantations. 
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DERRIS Lour. 


A genus of woody climbers and small trees of the 
family Leguminosae found in the tropics generally. 
Some species are utilised as shade trees and as green 
manure, Several of the genus are fish poisons, the 
toxic substances being rotenone and some resins ; Some 
are used for the preparation of insecticides. 


Derris Dalbergioides Baker. 


This is a medium sized tree and is indigenous to 
Burma and Malaya where it is used as a light shade 
tree and green manure for Tea. It was tried out in 
some Tea Estates in Ceylon, but detailed information 
on its growth is not available. 


In Indo-China, it has been found to grow rapidly 
and it is easily pruned and resistant to wind. It has 
a narrow trunk and drooping branches. If it is to be 
utilised as a green manure, it may be planted 20° apart. 


Derris robusta Benth. 


This tree is employed as a shade tree in the Tea 
estates in Assam, and it seems to have the same pro- 
perties as the Derris Dalbergioides when used as a 
shade tree for tea and coffee. In Ceylon although it 
has been utilized for a very long time as a shade tree 
in tea estates, it has met with little success. 


Derris microphylla Vall. 


This tree has been stated to be coming into con- 
siderable favour as a shade tree for Tea in Java. Its 
advantages are that it thrives from sea level to 1500’, 
it is leguminous and forms many nodules, it gives a 
light and useful shade throughout the year and does 
not require much pruning. Its growth is rapid and 
resists wind well. It is largely immune to pests and 
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diseases and furnishes good fuel and the wood can be 
utilized for making chests and building purposes. If 
the range of elevation is similar in Ceylon, the use- 
fulness of this tree would be principally confined to 
Low Country Tea. This tree has been tried out in 
the Kalutara district where it is regarded as an 
excellent shade for Tea with a fair leaf fall. This tree 
appears to be a most promising acquisition and worthy 
of more extended trial in Ceylon. 


ERYTHRINA 


| This genus comprises about thirty trees which are 
found in the tropical and subtropical regions of the 
two hemispheres. They have a rapid growth and are 
often utilised as shade trees for tea, coffee and other 
cultivations and also as a green manure. 


Erythrina lithosperma Bl. ex Miq. 


This species gives a very light shade. It has 
many nodules and it is always propagated by cuttings 
which are planted at distances varying from 10° x 10’ 
to 16’ x 16... This isthe most common tree used in 
Tea in Ceylon. It is also used extensively in South 
India in the Madras Presidency and Cochin as a shade 
tree. The highest elevation at which it can be grown 
most successfully is about 5000’ and it does not 
appear to be successful below 1000’. Although the 
tree is occasionally propagated from seed, the use of 
cuttings is far more general and is to be preferred. 
6’ cuttings are commonly used and this size gives the 
best results. Cuttings taken from the central 
branches of trees give better results than those from 
outside branches. Holing is to be preferred althouzh 
this practice is not universally adopted. A hole 18” 
deep and 18” wide is normally considered sufficient. 
Often planting is done in 14’ deep alavangoe holes. 
As cuttings tend to die-back to a considerable 
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distance from the top, it is found to be good practice 
to dip the upper ends of the cuttings into molten 
paraffin wax before planting them. This treatment 
prevents die-back and wood rot due to percolation 
of water from the top. For successful growth and 
rooting, it is of great importance that the earth 
be firmly rammed round the cutting. 


An almost infinite variety of planting distances 
are found on estates. When planted alone, spacing 
varies between 9’ x 9’ and 20’ x 20’ but intermediate 
distances of 12’ x 12’ to 16’ x 16° are most common. 
The actual spacing must of course depend on the 
spacing of the Tea. Any closer spacing than 14 X 14’ 
is likely to cause too dense a shade and to increase 
unduly the cost of lopping. Dadaps are frequently 
planted with Albizzia moluccana, the latter tree 
forming the high shade. A few actual estate 
examples of spacing employed in such mixed planting 
are given below :— 


Dadaps. Albizzia. 
10’ x 10° 20’ x 20° 
16° x 16 20° x 20° 
12 x12 30° x 30° 
10’ x 12’ 40’ x 40’ 
10’ x 10° 35° x 35° 


Dadaps as low shade are often interplanted with 
Grevillea robusta as high shade. In such cases also, 
planting distances are very similar to those quoted 
above except that the Grevilleas may be planted 
somewhat closer than Albizzias. It is also usual to 
find some estates where Dadaps, Grevilleas and 
Albizzias are interplanted. In other cases Dadaps 
and Gliricidia maculata are mixed with or without 
high shade, 
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As Dadaps are chiefly grown for Green Manure, 
in the large majority of cases, they are periodically 
lopped in Tea Estates. The frequency of loppings 
depends on the rate of growth which is influenced by 
elevation and climate, the labour supply, the manur- 
ing programme, and such other practical considerations. 
The maximum possible number of loppings in very 
favourable conditions may be four per annum, and in 
some districts not more than three will be possible. 
In dry districts and at elevations over 5000’, not 
more than 2 loppings per annum can be done. Some- 
times, though rarely, the Dadap is used as high shade 
in which case trees at fixed intervals, possibly whole 
rows will be left unlopped. Although the Dadap is 
fairly hardy, the actual lopping should be done with 
care. Frequent hard lopping is likely to result in 
die-back or even death. Loppings are disposed of 
either by forking into the ground when manuring, or 
used asa mulch to cover the soil. Forking-in is 
preferable as the green material decomposes and. 
becomes incorporated with the soil quicker and 
is available as plant food in a comparatively shorter 
time than it would be if it was used as a mulch. 


There is a very general opinion that at a certain 
age Dadaps should be replaced and dug out with 
their roots. But the age at which this should be 
done again depends entirely on local conditions of 
growth and climate. The estimated period of useful 
life of the tree appears to be about 10 years in the 
Low Country and 15 years in higher elevations. 
Much will depend on the treatment to which these 
trees are subjected. With three loppings per annum, 
the tree will remain vigorous and its size kept down 
for over 15 years. With fewer loppings, the tree 
naturally grows bigger and is uprooted when it 
attains a maximum girth of 16” to 18" preferably by 
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monkey jack to make extraction clean and entire with 
roots. 


The Dadap is subject to a number of pests and 
diseases, but they are not of sufficient importance to 
become a limiting factor in the planting of this tree. 
Eel worm is the most serious pest of the Dadap which 
will be dealt with in closer detail in the Chapter under 
the heading “ Pests & Diseases”. 


The wood of the dadap is of little use except for 
smoking rubber or brick making. Nevertheless the 
tree is certainly a valuable asset to Tea estates over 
a considerable range of elevation, and there is no 
disputing the fact that Tea does well under Dadaps. 


Other varieties of Erythrina commonly used as 
Shade Trees in other countries are named below as a 
matter of academic interest. 


Variety. Countries where utilized. 


Erythrina Berteroana Urb. Madagascar. 


Erythrina Corallodendron 
Linn. India, Puerto Rico, French 
Equatorial Africa. 


Erythrina edulis Triana ex 
Micheli. Colombia, New Caledonia. 


Erythrina glauca Willd. Trinidad, New Caledonia, 
Puerto Rico, Surinam, 
Venezuela. 


Erythrina indica Lam. India, Netherlands Indies, 
Philippines, Mauritius, 
Trinidad, Jamaica. 


Erythrina microcarpa 
Koord. & Val. Netherlands Indies. 
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Variety. Countries where utilized. 


Erythrina micropteryx 
Poepp. Trinidad, Venezuela, 
Netherlands Indies. 


Erythrina stricta Roxb. India. 
Erythrina suberosa Roxb. India. 


Erythrina umbrosa H.B.K. Jamaica, Nigeria, Uganda, 
Sierra Leone, Venezuela. 


Erythrina velutina Willd. Netherlands Indies, 
Malaya, Zanzibar, 
Uganda, Venezuela. 


Gliricidia Maculata H. B. K. (Syn: Gliricidia | 
sepium Steud. Lonchocarpus sepium D. C.) 


This is a small fast growing leguminous tree which 
has feathery leaves, arching branches which in the 
drought season drop their leaves and produce mauve 
coloured flowers. It helps to fix the Nitrogen from 
the air in the soil and thrives well in elevations varying 
from sea level to about 3000’. In higher elevations, 
however, although its presence is in evidence, its growth 
is not so luxuriant. It yields an abundance of green 
material, almost double that obtained from the Dadap 
(Erythrina lithosperma). The best time to lop is just 
before the branches mature from a green to a reddish 
colour. 


The tree can be propagated from seed or cuttings. 
The latter is the easiest method and moreover good 
seed is not easy to obtain on account of insect attack. 
Best results are obtained from cuttings of about 6 in 
length planted in 1 }’ deep holes after its upper end has 
been dipped in paraffin wax or any other waterproof 
material. This prevents rot due to water percolation 
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and die-back. It is very essential that the earth round 
the cutting should be firmly rammed. 


Many estates, where planting material is limited, 
use short cuttings of about 3’ planted sloping. But 
the long vertical cuttings shoot so readily from the 
top that their use is always to be preferred and 
produce a tree of desirable shape much more quickly. 


The tree is very much the same in size as the 
Dadap, and planting distances are consequently 
similar. Gliricidia is very often interplanted with 
Albizzia or Grevillea and in this case also spacing will 
be similar to that used for Dadaps. Frequent 
lopping is desirable, at least four times per annum, 
to make the best use of its leaf as green manure, It 
stands harder and more frequent lopping than the 
Dadap, and therefore the severest lopping can be 
employed without fear of death or damage. In 
districts suitable to both trees, the weight of loppings 
of Gliricidia will always be in excess of that from 
Dadaps. 


It may be mentioned that it is necessary to lop 
the first growth fairly early, or the tree will become 
top heavy and liable to be blown down. The tree is 
sometimes grown for the sake of its light shade and 
left unlopped. This is not the best way to make use 
of Gliricidia since the large quantity of green material 
afforded by lopping is one of its great advantages. 


The opinion that Gliricidia should be replaced at 
a certain age is not so frequently expressed as in the 
case with Dadaps. It is generally agreed that the 
useful life of a Gliricidia is around 8 to 12 years 
according to growth and climatic conditions. Com- 
pared with the Dadap, it will be convenient to 
tabulate its advantages as follows :— 


, 
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(a) It is easier to propagate in suitable districts 
(Sea Level to 3000’). 


(b) It offers superior resistance to drought and 
wind. 


(c) It affords a heavier yield of green material. 


(d) It stands harder and more frequent lopping. 


Freedom from pests and diseases is also one of 
the advantages usually ascribed to this tree. How- 
ever, in certain drier districts, the tree is somewhat 
seriously attacked by scale insects such as Pseudo- 
coccus virgatus, Pseudococcus citri, and Coccus viridis 
—the green bug. The last named pest has in 
certain instances spread from Gliricidia to Tea and 
has caused some apprehension. But, if the Gliricidia 
is kept regularly lopped the danger from these pests 
would be greatly diminished. Gliricidia maculata is 
undoubtedly one of the most valuable of low shade 
trees for Tea. The wood of the Gliricidia is hard and 
at the end of its useful life as a green manure tree, it 
serves as a good fuel. 


Grevillea Robusta. 


Although this tree is not leguminous, it is 
undoubtedly one of the most valuable type of high 
shade for Tea. Itis more common at elevations 
above 1500’, but its range appears to be practically 
unlimited in Ceylon. 


It provides very useful light shade which is 
invaluable in dry districts and it does not appear to 
compete unduly with Tea because it is deep rooted 
and absorbs very little surface moisture. This also 
enables it to bring up considerable supplies of plant 
food from the deeper layers of the sub-soil and return 
it to the top surface in the form of its leaf-fall as a 
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mulch. The penetrating action of its roots breaks up 
the sub-soil and assists the Tea to send its roots deeper. 
It is of Australian origin and in Ceylon it grows well 
on any type of soil and elevation. Given good condi- 
tions, it reaches a height of about 80 to 100 feet on 
account of which reason it is eminently suitable for 
use as wind belts. 


Propagation is by seed sown in nurseries or 
baskets. Sometimes large stumped nursery plants 
are supplied in the field, but more often they are 
planted when about 5 to 6 inches in height in baskets. 
When small plants are used, pegs are necessary to 
mark the spot and afford protection from workers. 
Basket plants are most successful. They grow rapidly 
with very little attention. The tree seeds about May 
and June, and an ounce contains about 3000 seeds. 


The arrangement and spacing of the trees differ 
widely. They are used as wind belts and also as high 
shade in addition to Dadaps or Gliricidia in the Tea. 
When planted alone, the spacing employed by estates 
vary as follows :— 


30° X 30°. 20°x40. 30°X15. 20°X20. 


When planted in addition to Dadaps and 
Gliricidia, they are spaced farther apart and spacings 
of 30’ X 30’, 40’ X 30’, and 40’ X 40’ are common, 


When Grevilleas are topped at a height of about 
18’, they spread out at the top by which leaf fall is 
increased. But as this might possibly make the 
shade too dense, it is advisable to top only alternate 
trees. In new clearings where dry weather and high 
winds prevail, closer planting of Grevilleas at a spac- 
ing of 15° x 15’ will give very good results. Once the 
Tea has been fully established and commences to 
grow well,a programme of thinning out should be 
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undertaken. Overshading is detrimental to growth 


and quality of Tea, and a regular long-term policy of 


thinning out the stand of Grevilleas should receive 
close attention. 


Regular lopping of Grevilleas is not generally 
practised. Low side-branches are usually trimmed 
up. Lopping results in poor foliage and makes the 
trees susceptible to root disease and gummosis. 
There is again considerable difference of opinion as to 
the age at which Grevilleas should be eventually 
replaced and eradicated. This would appear to 
depend largely on the district and suitability of soil. 
The tree reaches its period of useful life around 30 


‘years when it begins to evince signs of deterioration. 


It provides very useful timber at this age which is 
very suitable for building purposes, and being resinous 
and hard, it is valuable as a source of fuel for driers. 
The wood burns long and gives high temperatures. 


Loranthus is the most general pest of Grevillea. 
Periodic removal of branches so affected will help to 
maintain the tree in good vigour and prevent the 
diminution of the copious litter furnished by the con- 
stant droping of the leaves, which when abundant act 
as a perennial mulch protecting the top surface of 
the soil against the harmful effects of wash and 
insolation. 


Indigofera teysmanii Miq. 


This is a very quick growing leguminous tree 
which was ‘introduced from Indo-China where it is 
said to be grown extensively. It is a rapid grower 
and grows to about 12 feet in high elevations within 
twelve months, and at lower elevations a height of 
20 feet may be reached. It appears to havea good 
spreading habit. 
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Leucaena Glauca Benth. 


This small tree is one of the oldest green manure 
plants cultivated in the Dutch Kast Indies, under the 
name of Lamtoro, where it is said to flourish up to 
3500’. Propagation is from seed. The seed has a 
very hard coat and should be immersed in hot water 
and allowed to soak for 24 hours, before sowing. 
The tree has a feathery foliage and gives a light shade 
but as a source of green material it cannot be 
compared with the Dadap or Gliricidia. It is too 
small as a high shade tree and therefore does not 
appear to perform any particularly useful function 
in Tea. The tree seeds profusely from an early age, 
and the seedlings if once allowed to get a hold are hard 
to eradicate. The seeds when boiled and crushed 
make a useful cattle food. The wood provides 
excellent fuel. 


BUSH PLANTS. 


The quantity of green material obtained from 
green manure trees is neither very great nor is it 
evenly distributed. To obtain 3 to 4 tons of green 
material per acre at each lopping with two such 
loppings for a year, the growth of the shade will have 
to be so dense that it willdo more harm than good 
to the tea. If excessive shade is to be avoided, then 
about 2 tons of green material per lopping per acre 
alone can be obtained from shade trees. To overcome 
this difficulty and to obtain the largest quantity of 


green manure per acre, bush and shrub green manure 
plants are employed. 


However, the use of bush plants nearly always 
leguminous in Tea cultivation is less general than the 
use of trees. Nevertheless a large number of such 
plants are grown with undoubted benefit. To provide 
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shade, shelter from winds and in maintaining rainfall, 
trees are superior, and bush plants will not generally 
be considered effective for these purposes. In spite 
of the several benefits derived from the use of Bush 
Plants, one of the principal drawbacks to their use 
is their tendency to interfere with the growth of Tea 
bushes and hinder the movement of labour in the 
rows. Apart from these disadvantages, bush plants 
will confer most of the benefits to be derived from 
the growing of trees and in one or two respects will 
be found superior. 


The use of bush plants varies between the plant- 
ing at comparatively wide intervals of the more long 
lived varieties such as Tephrosia candida and their 
retention with periodical lopping fora number of 
years, and the thick sowing of quick growing short 
lived varieties such as the various species of Crotalaria 
to be hoed or forked in at an early age. Intermediate 
between these two practices is the method of taking 
one or two loppings from the plants and then after 
one, two or three years to uproot them and fork 
them in. 


The first practice of using a bush plant in practi- 
cally the same manner as a tree is seldom found in 
Ceylon, as there would appear to be but little 
advantage in sucha practice when there are trees 
that will serve the purpose more effectively. 


The system of retaining bush plants for one, two 
or three yeays only, depending on the kind of plant 
used and the rate of its growth, would appear 
generally preferable while the thick sowing and early 
incorporation of the quick erowing kinds may in 
certain circumstances result in considerable benefit 
particularly in areas which have suffered from erosion 
or where the soil is poor. 
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The advantages to be derived from the cultivation 
of bush plants in Tea may now be briefly discussed, 


SHADE. ‘To shade Tea, bush plants are of little 
use and they are not planted for this purpose. To 
shade the ground they can be put to effective use 
particularly in new clearings. 


SHELTER FROM WIND. Rows of bush plants 
particularly if planted across the direction of the 
prevailing wind will greatly help to protect the Tea, 
but on account of their comparatively shorter life, 
such plants cannot be considered as effective as trees 
for this purpose. 


ROOT ACTION. The more deeply rooting 
bush plants such as Tephrosia candida will exercise 
considerable benefit in opening up the soil. The 
effect will not be so deep as that exercised by trees 
but the larger number of plants per acre will increase 
the area over which the action is felt. The compar- 
atively deeper root action of bush plants may prove 
actually disadvantageous since they will draw their 
moisture from those parts of the soil from which the 
Tea bush draws its own supply. This drawback 


would not, however, be greatly felt in the wetter 
districts. 


NITROGEN ASSIMILATION.  Leguminous 
plants usually form nodules on their roots in which 
are found bacteria capable of assimilating nitrogen 
from the atmosphere. This fact has been 
demonstrated by growing legumes in quartz sand 
wholly devoid of nitrogen but with tHe necessary 
bacteria and minerals added. Under ordinary con- 
ditions, however, only a proportion of the nitrogen 
found in a leguminous plant is assimilated from the 
atmosphere, the remainder being taken from the soil 
in the ordinary way. Even so, if the entire plant 
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were returned to the soil, an increase in the nitrogen 
content of the soil can reasonably be expected. This 
of course cannot be done with trees in which case 


only a proportion of the leafy matter can be returned 
to the Soil. 


SOIL EROSION. Though not so effective as a 
ground cover plant, more use can be made of bush 
plants than trees in the checking of soil erosion. A 
complete cover of low bush plants would considerably 
decrease erosion, but this is not generally feasible 
because there is no room for such a stand, and it is 
probable that the Tea would suffer from the competi- 
tion of a thick continuous stand of bush plants. It 
remains then to arrive at an arrangement of planting 
which will be most effective in checking erosion and 
to choose the most suitable plant for the purpose. 


Obviously, the best way to make use of bush 
plants for this purpose is to plant them in thick 
contour hedges. If the Tea were also planted in 
contour lines a very effective barrier to erosion would 
thus be formed. Such hedges are frequently planted 
above drains and roads and undoubtedly help in 
checking erosion. 


The choice of a plant for this purpose is a vital 
matter. Hedges of Crotalaria and other such imper- 
manent plants are often used. Such plants die out in 
a year or two and the soil that is banked up against 
them is mostly lost. Unless a practically permanent 
plant can be found, contour hedges can be of little 
lasting value. Clitoria Cajanifolia has been found 
to be a most suitable plant for this purpose. It is 
very deep rooted, hardy, and will stand repeated 
lopping without detrimental effect. Also there 1s no 
difficulty about keeping it under control. Such 
hedges are to be found on several estates and planters 
who have had experience of this plant have formed a 
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high opinion of its value. At the Experimental 
Station in Peradeniya, it has been found that hedges 
of Clitoria Cajanifolia have effectively decreased soil 
erosion and after a life of five years have given no 
trouble and shown no loss of efficiency. The consid- 
erable litter of leaves shed by some bush plants, 
particularly Tephrosia candida also greatly assists in 
checking of erosion. 


MULCH OF LEAVES. A mulch of leaves or 
loppings from bush plants will exercise the same 
beneficial effect as that afforded by a mulch from trees. 
It will be advantageous to lop bush plants before a 
drought so as to achieve the double object of reducing 
transpiration of moisture from the leaves, and check- 
ing surface evaporation from the soil by means of a 
mulch. As in the case of trees, green material left 
on the surface of the soil will eventually decompose, 
(though certain valuable constituents will be inevitably 
lost), and generally increase the humus content of the 
soil. 


THE BURYING OF GREEN MATERIAL. As 
already mentioned, one method of using these plants 
is to sow thickly and dig in the entire plant at an 
early age. This practice is rarely adopted in Ceylon 
but is fairly common in India though a creeper is 
more frequently used for the purpose. The practice 
usually followed in Ceylon where bush plants are used 
is to sow the plants in alternate rows, and to take one 
or more loppings and then pull them out and bury 
them with the roots. The treatment of the different 
plants used will be dealt with in more detail in the 
Notes on Individual Plants to follow. 


As in the case of trees, loppings are either forked 
in by envelope forking on each occasion or they are 
left on the surface and forked in only when manuring 
is done. As the plants will take up most of the space 
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in the rows in which they are planted, it will be more 
convenient to throw the loppings into the adjoining 
rows. It is customary to pile tea prunings into 
alternate rows and it is a common practice to fork in 
a pruning mixture together with the leaves from the 
prunings. If bush leguminous plants are sown in 
these rows, the seedlings will have the benefit of the 
loosened soil, and of the manure and will have a good 
start. The plants can then be lopped as often as 
their growth and nature allow, and the loppings 
thrown into the adjoining rows to be forked in or 
buried in pits as often as circumstances permit. At 
the next pruning the plants can be pulled up and the 
roots thrown into the rows in which the loppings have 
been placed. These are the rows which will receive 
the pruning mixture and the roots can be buried when 
forking is done. A fresh crop can then be sown and 
the previous cycle of operations repeated. Some of 
the nodules will be broken off and left in the soil 
when the plants are pulled out, others will adhere to 
the roots and be buried with them. Such a system 
requires the use of a plant which will live and stand 
lopping for 2 or 3 years according to the length of the 
pruning cycle. Tephrosia candida (Boga medelloa oy 
and under Up-Country conditions Tephrosia vogelle 
are both suitable and several others will also answer 
the purpose. 


The question of obtaining more green material 
per acre from bush plants than from trees will depend 
upon the planting distance in each case, but a very 
satisfactory weight of green material per acre can be 
obtained from bush plants without unduly close 
planting. The establishment of supplies in old tea is 
seldom easy and burying in a little green material in 
every hole has been found to assist the growth of 
young plants. In this respect, the usefulness of 
Tephrosia candida needs particular mention. 
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CHECK TO WEED GROWTH. Any shading 
of the ground will naturally act as a check to weed 
growth, and bush plants afford material assistance 1n 
this direction. 


PROTECTION OF PLANT FOOD. In young 
tea clearings, bush plants may take up a considerable 
amount of good material from the soil which owing 
to the small area occupied by the roots of the tea 
plants might otherwise leach out and be lost. Part 
of this plant food will be returned later to soil in the 
form of loppings. 


THE CHOICE OF A BUSH PLANT. The 
number of bush plants in use in tea cultivation for 
green manuring is not great and the choice again 
depends on conditions of climate and elevation, and 
the main object in view. 


For the rapid production of a large quantity of 
green material, Crotalaria anagyroides is one of the 
best plants at suitable elevations. Where it is desired 
to retain the plants fora longer period, Tephrosia 
candida or Tephrosia vogelii are two of the most 
popular plants. T'ephrosia candida has rather a longer 
life, but the latter will produce more green material 
in the early stages. For contour hedges, there is no 
more useful plant than Clitoria cajanifolia. 


* * * * 


NOTES ON INDIVIDUAL BUSH PLANTS. 


Clitoria cajanifolia Benth. This is a hardy 
deep rooted plant which as local experience suggests 
appears suitable for elevations up to about 2500 feet. 
Clitoria cajanifolia is probably not suitable for a 
green manure or cover plant, but it is unsurpassed 
for contour hedges to check soil erosion. Its deep 
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rooted habit enables it to weather severe ‘droughts 
and to stand repeated hard lopping. Its seeds are 
large and very sticky and this makes sowing difficult. 
Washing may impair germination and should not be | 


done. For hedges, the seed should be sown thick 
not more than 4 inches apart. : 


CROTALARIA. This is a large genus of 
herbaceous plants found throughout the warmer parts 
of the world; many species of this legume have been 
tried for green manuring and those in common use 
in Ceylon and other countries are described in these 


pages. 


Crotalaria acicularis. This is used chiefly in 
Belgian Congo and Java. It attains a height of 
about 20 inches. Germination is very slow, and 
growth although slow at the beginning, is rapid later. 
It forms an excellent soil covering and prevents the 
growth of weeds. 


Crotalaria alata. This species is found growing 
wild in Java at altitudes below 1000 feet in 
regions which have the influence of the East Monsoon. 
It is used for protecting terraces against leaching 
giving very good results. On sowing ata distance 
of 1 foot apart in every direction, a complete cover- 
ing is obtained which is very resistant to drought and 
rain. It has an average length of life and does not 
become very woody. It seeds freely and stands 
repeated loppings giving excellent weight of green 
material. Its only disadvantage is that it 1s suscep- 
tible to attacks by insects. 


Crotalaria anagyroides. This is one of the 
best species of Crotalaria tried in Ceylon since 1925. 
It will produce a large weight of green material in a 
shorter time than any other leguminous plant. The 
loppings have a high manurial value and decompose 
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rapidly. The plant stands lopping rather better than 
other varieties of Crotalaria, but it is unlikely that it 
will stand more than two loppings before dying out. 
Under favourable conditions it attains a height of 6 
to 8 feet ina year. The seed pods are very liable to 
insect attack, the principal diseases and pests to 
which it is susceptible are: Septobasidium bogoriense, 
Corticium salmonicolor, Ragmus importunitas and 
Helopeltis. 


Crotalaria Brownei. This plant has been tried 
out with varied degrees of success in different districts 
in Ceylon since 1929 as green manure. The leaves 
are large but comparatively speaking the amount of 
foliage produced is poor. 


Crotalaria ferruginea. This plant is indigenous 
to Java where it is occasionally used as a green 
manure and for fixing terraces. Although it grows 
wild in the sunny regions, it will also stand a fairly 
dense shade. It is resistant to drought and rain and 
lives a year. It seeds freely and is not much attacked 
by insects. 


Crotalaria Grantiana. This species has been 
tried out as a Green Manure in Honduras and Hawaii, 
but the results have not been satisfactory on account 
of the small quantity of green material it produces. 


Crotalaria incana. This is a small variety of 
Crotalaria, and on account of its small size, it cannot 
compare with Crotalaria anagyroides and others as 
agreen manure. It isnot of much use as a cover 
plant. 


Crotalaria intermedia. This is yet another 
species of Crotalaria of a small size. The small size 
of its leaves and comparatively sparse foliage render 
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it inferior to Crotalaria anagyroides and other varie- 
ties. Its seed germinates very rapidly and evenly. 


Crotalaria juncea. Thisis a plant indigenous 
to Java. Its duration of vegetation is 163 days, and 
flowers in 100 days. In six months, it gives about 
10 tons of green material per acre approximately 
with a seed rate of 28 lbs. per acre. It is largely used 
in Java and India for the green manuring of paddy, 
tobacco and other similar crops. It is not greatly 
used in perennial cultivations such as Tea and Rubber 
as it has the disadvantage of being too short-lived. 


Crotalaria laburnifolia. This has been tried as 
a green manure in Tea Estates but it gives very 
little green material and is therefore not generally 
used. 


Crotalaria longipes. This Crotalaria has a 
spreading habit. It does not stand more than two 
loppings after which it dies. The amount of green 
material is also not adequate for it to be considered 
useful in tea. 


Crotalaria natalensis. This plant is indigenous 
to Uganda where it has been found to be very useful 
as a green manure. 


Crotalaria recta. This species is also indigenous 
to Uganda where it is extensively used asa green 
manure. 


Crotalaria retusa. This variety is indigenous 
to India but is used only in the Cochin State as a green 
manure. In Java although it is used, it does not 
appear to give satisfactory results as a green manure. 


Crotalaria semperflorens. This plant is grown 
in Tea estates situated in the higher elevations of 
South India over 5000’. 
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Crotalaria sericea. This plant has been used as 
a green manure in Nyasaland since 1932 and also as 
a cover plant and forage crop with satisfactory results. 


Crotalaria striata. This variety of Crotalaria 
grows freely in Ceylon up to 3000 feet and permits 
3 or 4 loppings before it dies out. It has been 
reckoned that sowing at the rate of 10 to 20 lbs. per 
acre in alternate rows of tea, gives approximately 6 
tons of green material per acre. The best time to 
sow this or any green manure plant is after pruning 
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and manuring provided favourable weather conditions ~ 


obtain. It is susceptible to the attacks of Corticiwm 
salmonicolor. Otherwise it is a very useful green 
manure as it will grow on mediocre soils and still yield 
large quantities of green material. 


Crotalaria usaramoensis. This species is very 


similar to Orotalaria striata, but it has a more — 


vigorous growth. It is a small shrub, about 3 to 4 feet 
in height with an abundance of leaves. It is indi- 
genous to East Africa. Its length of life is variable 
depending on local conditions and number of loppings 
done. It stands lopping well, but the cut TABS, be 


raised a few inches at each lopping. 
o 


In Ceylon it may be considered to come next to 
Crotalaria anagyroides among Crotalarias. It pro- 
duces heavy and quick growth and is generally suitable 
for elevations from 3000 to 5000 feet. The seed is 
very small and the seed rate is about 3 lbs. to an acre. 
The germinating power of the seeds can be improved 
by allowing them to soak in concentrared sulphuric 
acid for thirty minutes to be followed by an immersion 
in running water for 15 hours. The seed pods are 
liable to attacks by insects. 


Crotalaria valetonii. This plant is indigenous 
to Java, and although it is suitable for use as a green 
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manure, it is not so utilized on account of its short 
_ duration of vegetation. In good soils it produces a 


large amount of green material and is excellent for 
compost making. 


Crotalaria verrucosa. The plant grows abund- 
antly in Indonesia inthe wild state. Its use as a 
cover crop is limited on account of its susceptibility 
to the ravages of certain fungi. Its duration of 
_ vegetation is also short. 


Crotalaria vitellina. This is a species common 
in Honduras and is similar to Crotalaria anagyroides. 
It has a vigorous growth and gives a dense shade in 
a short space of time. 


Crotalaria walkeri. This plant has been grown 

experimentally at Peradeniya where its growth was 

found to be fair but not vigorous. The plants havea 
spreading habit and recovery from lopping was good. 


DESMODIUM. This is a genus of herbs and 
shrubs of the family Leguminosae found in both 
hemispheres, chiefly in the tropics. A few varieties 
also occur in subtropical countries. Some species are 
known to be readily eaten by cattle, and probably 
none of them do any injury to animals. Many of 
them are used as green manures with success. 


Desmodium adscendens. This plant is indigen- 
ous to Zanzibar and grows well under dense and 
permanent shade. 


Desmodium auriculatum. This is indigenous 
to India, but is not utilised as green manure or cover 
plant. | 


Desmodium capitatum. This plant is indigenous 
to Java and is recommended for use against leaching 
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and as a green manure plant for tea but it is not 
often so utilised. 


Desmodium cephalotes. This is chiefly used 
in Indo-China. Its leaves are thick and coriaceous and ~ 
as a result decompose very slowly. It is not easily 
grown and the plants do not stand lopping well. 


Desmodium dimorphum. An indigenous species 
found in Nyasaland where it is used with very good 
results as a cover plant and as green manure in Tea 
estates. 


Desmodium discolor. This variety has been 
tried out in the experimental garden of Brazzaville in 
French Equatorial Africa where it has the advantage 
of having an easy natural propagation. 


Desmodium distortum. This plant is a rapid 
grower in the early stages and a fair quantity of leaf 
is produced before flowering which takes place in 
about 5 to 6 months. It then seeds fairly profusely 
and thereafter makes hardly any growth. The stems 
are rather woody and its recovery after lopping is 
slow. It shows considerable immunity to diseases 
and pests. 


Desmodium elegans. See D. cephalotes. 


Desmodium gangeticum. This species has an 
abundant fructification and is self sowing. It forms 
a dense cover quickly. It is not used asa green 
manure for tea. 


Desmodium gyrans. Although this plant is 
indigenous to both Java and India, it is not utilised 
as it has been found to be of no value asa green 
manure plant. 


Desmodium gyroides. Unlike most of the 
common Desmodiums in Ceylon, this is a tall shrub 
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which attains a height of 6 to 9 feet. It is described 


as the most useful of the many species of Desmodiums 


found in Indonesia where it is said to grow at 
elevations up to 2500 feet. In Ceylon it grows well 
and furnishes a fair weight of loppings and appears 
to die off after lopping. Its period of vegetation is 
limited to 18 months when lopped. It has a profuse 
root system on which many nodules are found. 


Desmodium ovalifolium. This is a half-erect 


_ plant indigenous to India and Indo-China. It is 


used as a cover plant to prevent erosion. Its growth 
is slow in the early stages, but it covers the ground 
well and is resistant to drought. It has an excellent 
growth in the shade of cultivated crops and is 
adaptable to mediocre soil and different elevations. 


Desmodium triflorum. This species is indigen- 
ous to India and is chiefly used in the Madras 
Presidency as a cover plant in tea and rubber estates. 
It is also used in Ceylon but Desmodium ovalifolium 
is preferred. 


INDIGOFERA. A large genus of herbs of the 
family Leguminosae found throughout the tropics. 
Among them are the plants best known as sources 


of the well-proved dye, indigo which has been used 


from time immemorial, very many centuries B. C. 
On the whole, Indigofera is a genusof rather dry 
climates, being subject to disease of the roots in moist 
regions. 


Indigofera arrecta. This plant grows vigorously 
but the weight of green material is not large. It has 
been tried for contour hedges in tea, but after three 
loppings in 18 months, the plants die out. The plant 
seeds profusely at an early age. The seedlings are 
deep rooted and are apt to overrun a field unless 
kept in check. This is one of the plants from which 
Indigo is obtained. 
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Indigofera endecaphylla. This plant is widely — 
distributed throughout the tropics. It will stand a_ 
certain amount of shade and is easily lopped and 
offers resistance to drought and heavy rains. It- 
prefers clay soils but also gives good covering on 
sandy soil. It grows from sea level to 3500 feet and 
even more provided it is well exposed to the sun. 
Sown in rows 3 feet apart, it assures a covering of the 
soil in 6 months. It may be also propagated by 
cuttings. The seed is very hard and its germinating — 
power is weak, but this can be increased by soaking 
the seed for 40 minutes in concentrated sulphuric acid 
followed by an immersion in running water for 15 
hours. 


Indigofera hirsuta. This plant has a more 
spreading habit and provides more leafy material 
than Indigofera arrecta. It is however shortlived and 
recovery from lopping is uncertain. It forms a better 
protection for the soil than the more erect types. 


Indigofera suffruticosa. The habit of this 

plant is more bushy than that of Indigofera arrecta. 

To get a fair cover the seed rate is 10 lbs. per acre, but 

) waie yield of green material is comparatively r. 
4 ts period of vegetation is about 18 months a 


close resemblance to Indigofera arrecta. 


Priotropis cytisoides. This plant, which resem- 
bles a crotalaria, grows to a height of about 6 to 8 feet. 
It has a good branching habit and produces a fair 
quantity of leafy material. It appears to be very 
susceptible to attack by the Ragmus bug (Ragmus 
importunitatis) and flea beetles. 


Strobilanthus viscosus. This wild plant grows 
prolifically in some up-country jungles and has been 
found to be a useful source of green material to be 
brought from outside, and is excellent for compost 
making. 
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TEPHROSIA. This is a rather large genus of 
herbs or shrubs of the family Leguminosae found 
throughout the tropics. Several species are fish- 
poisons as many have a high rotenon content. Other 
species have been tried as green manures successfully. 


Tephrosia candida. (Boga medelloa). This is 
probably the most popular and useful bush green 
manure plant in Ceylon from sea level to about 4500 
feet. If it has arival, it is Tephrosia vogelit. Prob- 
ably its greatest use is for contour hedges or hedges 
above drains and roads in clearings, and such hedges 
have done much to check erosion and at the same 
time furnish a considerable amount of green material. 
In old tea, seed is usually sown in alternate rows. 
After 8 months to a year it is sometimes uprooted 
and forked in. Usually it is allowed to remain fora 
number of years according to the elevation and lopped 
periodically. It will stand 2 to 3 loppings a year. 
One of the most valuable characteristics of this plant 
is its ability to grow on poor soils. It is often severely 
attacked by shothole borer, and less severely by scale 


insects including Pseudococcus virgatus. The seed « 


po re attacked by a number of insects and seed is 
often difficult to obtain. Various fungoid diseases 
including Fomes lignosus and Poria hypobrunnea are 
found on the old plants. However, these drawbacks 
have done little to diminish the popularity of this 
plant which is the most widely grown of any bush 
plant in Ceylon. 


Tephrosia noctiflora. This plant was formerly 
known by name of Tephrosia Hookeriana. It 1s 
much smaller than Tephrosia candida or Tephrosia 
vogelii and given similar conditions will oe about 
a quarter of the green material that could be obtained 
from them. It has a low spreading habit. 
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Tephrosia purpurea. This variety is slightly 
woody and is distributed widely in the tropics. It is 
generally used as a green manure for paddy, and 
although it makes little growth, it seeds so contin- 
uously that it cannot be perevented from filling 
the soil with seed. It is not of much use as a green 
manure for tea. 


Tephrosia tinctoria. This plant is indigenous 
to Madras where it is cultivated in association with 
coffee. It is a very common wild legume found 
growing on some tea estates in the Wynaad in 
Malabar, and if encouraged would form an excellent 
light cover. It has a low spreading habit, and is 
recommended as a green manure but not utilised as 
such. 


Tephrosia senticosa. This is a low spreading 
shrub and the yield of green material is not large and 
therefore is not used as a green manure in Tea 
Estates. 


Tephrosia vestita. This is indigenous to Indo- 
China. It is smaller than Tephrosia candida, but is 
equally robust and is useful as a green manure. 


Tephrosia villosa. This is a compact plant about 
3 feet in height and gives a fair amount of green 
material and shade. It seeds profusely but is short- 
lived. 


Tephrosia vogelii. This plant shows a consid- 
erable resemblance to Tephrosia candida but is easily 
distinguished by its pods which are larger, longer and 
very hairy. The leaves are also larger and the foliage 
generally more luxuriant. It yields a larger quantity 
of green material when young than Tephrosia candida, 
but its life is shorter varying from 2 years in mid 
country to about 3 to 4 years in the up country where 
it appears to stand lopping well. It is the closest 
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rival to Tephrosia candida in popularity in Ceylon. 
It has the advantage also in that its seed pods are not 
so susceptible to insect attack as Tephrosia candida. 
It grows on almost any kind of soil and at all eleva- 
tions in Ceylon, and is one of the most useful bush 
green manures. 


Tithonia diversifolia. This is the wild sun 
flower which grows freely in Ceylon. This plant is not 
leguminous, but its prolific growth on waste land 
at low and medium elevations renders it a most useful 
source of green material. When buried in the ground 
it results in as great an increase in nitrates in the 
soil as is obtained from the green material of 
leguminous plants. 


* * * * 


GROUND COVER PLANTS. 


The uses-of ground cover plants differ somewhat 
from those of trees and bush plants, and the advant- 
ages to be gained from their use may be set down as 
follows :— ; 


1. They effectively shade the soil, and provided 
the growth is good, they achieve this 
object better than a tree or bush plant. 


2. The root action of the ground cover plants 
helps to open up the soil and aids the 
absorption of rain water. Although such 
root action will naturally not extend to the 
same depth as that of trees or bush plants, 
by reason of the greater area covered by 
them, their influence is considerable in 
this respect. In fact the mass of rootlets 
afforded by cover plants will permeate the 
surface soil more effectually than the roots 
of trees or bush plants could do. 
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3. Ifa leguminous plant is used as a cover plant, 
most of the advantages enumerated in ~ 
connection with trees and bush plants can 
be secured without depleting the supply 
of Nitrogen. 


4. They are an effective check against soil 
erosion. In Ceylon this will be one of 
the prime considerations when planting a ~ 
ground cover, as ground covers afford the 
most effective method of preventing the 
movement of surface soil, and minimising 
it to the utmost. The evils of soil erosion 
are so well known and the beneficial effects 
of a ground cover in checking erosion is 
so obvious that it would appear un- 
necessary to discuss this point further. 


5. Conservation of Soil Moisture. This is a most 
important consideration. The loss of soil 
moisture through transpiration would 
appear at first sight to constitute a draw- 
back to the planting of a cover crop in 
Tea. But the results of experiments in 
Ceylon and elsewhere have proved beyond 
doubt that soils planted with cover crops 
either cut or left uncut are found to retain 
more moisture than bare soils. 


6. Increase of Organic Matter. This aspect of 
the practice of growing ground cover plants 
among tea has received far more attention 
in India than in Ceylon. The principal 
reason for this is probably that a consid- 
erable amount of Tea in Northern India 
is grown on comparatively flat land where 
the practice of growing an annual 
leguminous ground cover crop and hoeing 
itin a few months can be adopted with 
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benefit. In Ceylon by envelope forking of 
the ground cover at suitable periods, the 
organic matter and humus content of the 
soil can always be maintained at a high 
level. Besides, the perennial leaf fall and 
mulch resulting from ground covers is of 
great assistance in this direction. More 
rapid results can be obtained by sowing an 
annual crop between the lines of the tea 
bushes, and when it has reached its maxi- 
mum usefulness and has begun to flower, 
it should be lopped and forked in. 


7. Ground covers exercise a definite check on 
weed growth. It is a well known fact 
that shade almost always has the effect of 
considerably reducing the growth of weeds. 
As ground cover plants cover the soil 
surface better and more closely, they 
smother out the weeds when firmly 
established. As weeding is a heavy item 
on many tropical estates, ground covers 
result in greater economy in the cost of 
production. In this connection Stylo- 
santhes gracilis has proved itself to be a 
most valuable cover the advantages of 
which will be discussed in closer detail 
in the notes to follow. 


8. Retention of plant food. By its nature and 
habit, a ground cover plant is better fitted 
to take up plant food which is not within 
reach of the root system of young tea than 
a tree or bush plant. This plant food will 
thus be retained in the soil and some will 
later be returned when the creeper is 
forked in and also by the natural leaf-fall. 
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THE CHOICE OF A GROUND COVER 
PLANT. Inthe selection of an ideal ground cover 
for Tea, there are five basic requirements by which 
we must be guided :— 


(a) It must be leguminous, to increase the nitro- 
gen content of the soil. 


(b) It must have a prostrate and spreading habit 
and should not climb into the tea. 


(c) It should not possess a deep and tenacious 
root system. 


(d) It should make elimination easy if required. 


(e) It should not make difficult one application 
of fertilisers. 


Of all the Ground Covers to which reference is 
made in this Section, Stylosanthes gracilis appears to 
be the only legume which satisfies all of the above 
requirements, and therefore it has received close and 
detailed attention in this chapter. 


* * * * 


NOTES ON INDIVIDUAL GROUND 
COVER PLANTS. 


The following is a list of species of ground covers 
found in Ceylon. The list is by no means complete 
but will prove useful as a guide. 


Achynanthes sp. This is a promising ground 
cover having roots on the nodes, and identification 
requires confirmation. It is probably indigenous to 
Ceylon. 


Aeschynomone americana Linn. This ground 
cover belongs to a species of thornless mimosa. It is 
a slow grower that does not produce even a fair 
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quantity of leafy material at elevations over 4000 ft. 
_ At lower elevations under favourable weather con- 
ditions, it appears to grow more vigorously and can 
be cut every two months. It is considered to make 
good hay for cattle and poultry. 


Alternanthera sessilis. (Tamil: Ponnankani. 
Singh: Mukunenna). This herb is shallow rooted. It 
, has various medicinal uses. 


Alysicarpus vaginalis (L) DC. This is a hardy 
deep-rooted plant which is rather common among 
short grass. The numerous prostrate stems extend 
to about 12 to 15 inches. It forms too dense a mat 
to be suitable for tea although it may be useful by 
edges of banks and drains. 


Artemisia vulgaris. This is a deep rooted herb, 
the leaves of which have a very pungent scent when 
bruised. Commonly known as Chrysanthemum weed. 


Atylosia rugosa. This plant although legu- 
minous does not appear to thrive under tea. 


Cardamine hirsuta. It is probably indigenous. 
It is apt to die off under drought conditions. 


Cassia mimosoides. (Singh: Bin Siyambala). 
This leguminous plant grows in altitudes up to 6000 
feet in tropical countries. It forms nodules and its 
growth is rapid. It produces much seed and is self- 
sowing. It is a very good cover plant and prevents 
grasses growing. It lives for about 8 months. 


Cassia kleinii. This is a leguminous herb which 
is apt to form too much of a carpet and cannot with- 
stand drought conditions. It is short-lived. 


Cassia leschenaultiana. This plant is also 
leguminous and has too extensive a root system and 
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grows too high and thick. It is susceptible to sooty 
mould. 


Centella asiatica. (Singh: Gotukola). This 
plant was previously identified as Hydrocotyle asiatica. 
It is found growing vigorously in tea on many estates. 
Its value, however, appears to be a matter of con- 
troversy. It is considered to give a more desirable 
cover than Vigna both for Tea and Rubber, but is 
hard to establish. 


CENTROSEMA. This is a genus of herbs some- 
what woody and climbing in nature, belonging to the 
family Leguminosae found in tropical America. 


Centrosema piumleri. It is utilised in certain 
regions of India as a cover plant and asa green 
manure, It appears to be a trailing, not very twining 
plant. Its growth is at first slow. It does not form 
a very thick layer of vegetation and produces an 
abundance of seeds. 


Centrosema pubescens. This is a climbing 
species largely diffused in the tropics. It is not suitable 
for use in dry climates as it loses too much water by 
evaporation. It requires attention as it easily twines 
round the main crop. Being deep rooted, it is diffi- 
cult to eradicate. It gives a large amount of green 
material and has numerous nodules. When well 
establised, it exercises a good check on the growth of 
weeds. 


Cotula australis. Use has been made of this 
plant in selective weeding for the prevention of soil 
erosion on certain South Indian Tea Estates. 


Crotalaria clarkei. The seed of this species of 
Crotalaria germinates very rapidly. The cover makes 
excellent growth and has a compact and desirable 
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habit. The many trailing stems that grow from the 
main root extend to about 18 inches. A thick cover, 
about 12 to 18 inches high is usually formed in about 
9 months. Flowering and seeding takes place in 
about 4 to 6 months. After seeding the plant sheds 
most of its old leaves and fresh growth is made. It 
is susceptible to flea beetle (Longitarsus sp.) and seed- 
lings attacked by this pest either make slow recovery 
or do not recover at all. 


Crotalaria retusa Linn. This is a sturdy bushy 
type of annual plant with trailing branches which 
grows to about 18 inches high. Growth is fair and 
the quantity of leaf material that is produced is 
reasonable. It is quite a suitable type of cover for 
Tea. Leavesand pods are susceptible to attack by 
Argina caterpillars. 


DESMODIUM. A considerable genus of herbs 
and shrubs of the family Leguminosae, found in both 
hemispheres, chiefly in the tropics; a few varieties 
occur also in subtropical countries. Some species are 
known to be readily eaten by cattle, and probably 
none of them do any injury to animals. Many of 
them have been tried as green manures and cover 
crops with considerable success. For a list of the 
common varieties used reference should be made to 
“Notes on Individual Bush Plants” already given in 
this chapter. 


Desmodium limense Schinde. This is a pasture 
leoume that may be a useful cover in areas. where 
better ones fail. Plants are easy to grow and appear 
to be hardy and to provide a fair quantity of leaf. It 
appears to ojfer considerable resistance to pests and 
disease. 


Dolichos biflorus. (Horse Gram. Kollu). This 
creeper has been used in tea estates in India as a 
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green manure with success. It is not perennial and 
in India it grown for early hoeing in. It is a strong 
climber and for this reason cannot be considered 
really suitable for tea. 


Dolichos Hosei. (Vigna). This plant was for 
some years known as Vigna oligosperma and the term 
“Vigna” is almost accepted as a common name. This 
creeper is principally grown as a cover crop in rubber 
but has also been planted to some small extent in tea. 
While it thrives in some places well, it will not grow 
at all in others. In fact it is almost impossible to 
establish on some estates. When difficulty is found in 
establishing it, a small application of a general mix- 
ture, rich in phosphates is recommended. It will be 
a good practice to establish it first on Nurseries from 
seeds or cuttings so that fresh runners are available 
for planting in the field. It is necessary that every 
runner planted out should contain a small root. This 
precaution has been found to make all the difference 
between success and failure. Vigna usually grows 
down hill so that it is advisable to put the ends of the 
runners going down hill. On Tea estates, Vigna has 
been tried out at various elevations. The chief 
objection to the use of this creeper in Tea is that it is 
liable to creep over and smother the tea bushes, and 
several estates have given up Vigna on account of its 
climbing habit. It is not a very strong climber and is 
delicate and it is thought that the expense of keeping 
it off the bushes is not prohibitive. It is frequently 
attacked by catterpillars. Certain estates have found 
it to be very useful and where it has been well estab- 
lished, no further weeding has been found to be 
necessary. Dolichos Hosei (Vigna) certainly is a use- 
ful cover for tea, but Stylosanthes gracilis is to be 
preferred. 


Drymaria cordata. (Kadalai_pillu-Tamil). 
This indigenous creeper is like Oxalis found growing 
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prolifically on some up-country estates. As it has a 
tendency to climb, particular care must be taken to 
_ keep it off young supplies. On account of its tendency 
to creep up through the bushes and establish itself on 
the plucking surface, it is not much in favour, and 
complete elimination of Drymaria cordata when it has 
established itself is a very expensive and very often 
impossible undertaking. 


Fragaria indica. This is a wild strawberry, the 
fruit of which is tasteless. This is an advantage in 
that the labour force does not pick the fruit and this 
having a multitude of seed on its outer surface has a 
tendency, when leaving the plant ina ripe state, 
to roll down hill, sowing itself and establishing very 
quickly. This forms an excellent ground cover and 
ultimately appears to stand alone. It is, however, 
not leguminous. 


Glycine hispida. (Soya bean). It has been re- 
corded that a number of varieties are used for the 
green manuring of tea in the Darjeeling districts of 
India. It is usually sown broadcast in alternate rows 
immediately after hoeing. A seed rate of 80 lbs. per 
acre has been mentioned. At Tocklai, the plant was 
found to do best in shady places. The plant is 
reported to be very effective in keeping down weeds 
and preventing soil erosion. 


Hydrocotyle javanica. This plant has large 
leaves and does not spread easily neither does it climb. 


Hydrocotyle manii. This plant is probably indi- 
genous. Its leaf is intermediate between H. javanica 
and H. sibthorpioides but varies in size. It estab- 
lishes itself easily and forms a good ground cover. 


Hydrocotyle sibthorpioides. This variety has 
a very small leaf and prefers damp situations. 


co 
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Indigofera. See also “Notes on individual 
Bush Plants. 


Indigofera endecaphylla. This plant is widely — 
distributed throughout the tropics. It will stand a 
certain amount of shade and offers resistance to 
drought and heavy rains. It prefers clay soils but 
also gives good covering on sandy soils. It grows 
from sea level to 5000 feet and even more, provided 


d 
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it is well exposed tothe sun. Sownin rows 3 feet 


apart, it assures a covering of the soil in 6 months. 
It may be also propagated by cuttings. The seed is 


very hard and its germinating power is weak, but — 


this can be increased by soaking the seed for 40 
minutes in concentrated sulphuric acid followed 
by an immersion in running water for 15 hours. 


Possibly its principal advantage is that unlike 
Vigna and many other creepers, it will not climb over 
the tea. It is remarkably free from pests and diseases. 
When once a good cover is established, a reduction in 
weeding costs may be anticipated. ; 


Justicia procumbens. (Ottu-pillu. Tamil). This 
is probably indigenous. It has a tendency to climb 
but is a splendid ground cover. The root system is 
fine and feathery. It hasa high nitrogen content 
(78 lbs. Nitrogen to 5 tons of green matter). It has 
been found thriving under conditions of drought. 


Ornithopus sativus. This plant is commonly 
known as serradella. The stems which grow to about 
2 to 24 feet are slender, much branched and semi- 
erect. The plant appears to be very short-lived and 
therefore it is not recommended. 


Oxalis bowii. This plant is not indigenous to 
Ceylon. It has long thin bulbs and produces a large 
red flower. 
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Oxalis corniculata. (Tamil sinna puliyari). 
This species of Oxalis does not form bulbs in the same 
way as do the others mentioned. It is therefore quite 
easy to control. It is a small close growing indigenous 
creeper with a yellow flower. It is not leguminous. 
It has been found to be useful in estates where select- 
ive weeding is practised especially in South India 
where hundreds of acres of steep tea land are under 
Oxalis. Itis not strong enough to keep down other 
weeds and grasses, which grow freely through it. It 
provides a fair amount of organic matter to the soil 
and will withstand moderate drought conditions, 


Oxalis corymbosa (Periya puliyari. Tamil). 
This plant is rampant in many up-country estates 
having heart shaped leaflets with rounded corners. 
The root system is bulbous and is very difficult to 
eradicate when once established. The plant dies 
down oncea year inthe hot weather and this isa 
great safeguard against it absorbing too much mois- 
ture at the expense of the tea. It is not considered 
harmful and yields of tea in fields under Oxalis 
corymbosa have been found to be satisfactory and 
steady. 


Oxalis latifolia. (Puliyari pillu. Tamil). This 
plant is found freely growing in up-country tea 
estates, and is often found mixed with Oxalis corym- 
bosa. It has triangular acute-angled leaflets and its 
root system is also bulbous. Where it has been 
established, it is exceedingly difficult to eradicate. 
It is similar to Oxalis corymbosa in other respects. 


Oxalis violacea. The remarks made with regard 
to Oxalis corymbosa and O. latifolia would appear to 
apply equally to this plant. 


Parochetus communis. This creeper is indig- 
enous to Ceylon and appears to be a good ground 
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cover in Tea Estates up to an elevation of 4000 feet. 
It is said to have been used in selective weeding in 
South India, but it has not been found easy to 
estabilish over large areas. 


PHASEOLUS Linn. This is a large genus of 
herbs of the family Leguminosze found throughout 
the tropics and warm temperate regions. Some 
species are utilised for fodder and green manure. 


Phaseolus areus. This plant is occasionally 
used as a green manure and cover crop in India, In 
Ceylon it has been grown in association with rubber 
and tried asa ground cover in new clearings with 
promising results, though it is not extensively used. 
It has not been used in Tea. 


Phaseolus calcaratus. This twining annual 
plant is a native of south-eastern Asia. Its grain has 
‘a high food value and its herbage is readily eaten by 
cattle. It ts used in India and Burma as a cover for 
plantation crops when in the early stages and ploughed 
in as green manure later. It gives a dense cover in 
the rainy season. Its use in Ceylon is not known. 


Phaseolus lunatus. This isa climbing peren- 
nial plant of South American origin where it is 
considered most valuable for restoring the fertility of 
the soil. Throughout the whole of its period of 
growth it sheds numerous leaves which easily decay 
and enrich the soil. It is also extensively used as a 
cover plant. 


__ Phaseolus mungo. This species is indigenous 
to Madras where it is used as a cover crop for tea and 
rubber but itsuse does not appear to be popular. 
It is also indigenous to Bombay where it is occa- 
sionally used as a green manure. It offers resistance 
to drought and does not wilt. Its roots are plentifully 
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covered with nodules. This is commonly known as 


green gram. Its twining habit is a disadvantage. 


A good crop is stated to give about 8000 lbs. green 
material per acre. It willnot grow satisfactorily on 
poor soil. 


Phaseolus semierectus. This is a plant of 
common occurrence in abandoned fields and pastures 
and its roots possess nodules in a much higher pro- 
portion than any other variety of cowpeas. Owing 
to the woody nature of its stems it is not very well 
adapted for ploughing in. Its composition shows it 
to be a highly nutritive plant and it is readily eaten by 
cattle. Itis not used either asa green manure or 
cover plant in India or Ceylon. 


Pueraria hirsuta. This is a plant of China 
and Japan which has been taken to several other 
countries. It has been tried as a cover crop in 
Malaya but is unequal to Pueraria Javanica (P. 
phaseoloides) as a green manure. Its growth is slow 
at the commencement but eventually it forms a good 
cover and is long lived and persistent but does not 
afford adequate check to the growth of weeds. 


Pueraria javanica (Syn. Pueraria phaseo- 
loides). This a slightly woody twiner found in North 
Eastern Asia and Indonesia. Although this plant is 
indigenous to Malaya, it has only comparatively 


recently been cultivated. It thrives on the heavier 


types of soils and has proved successful on the alluvial 
clays of the coast. When once estabilished a dense 
thick cover several feet high is formed. It will 
continue to thrive under shade, but the growth is less 
robust. It may be propagated from seed as well as 
from cuttings. It was introduced to Ceylon in 1923 
since when it has been generally used in mature 
rubber and new clearings as a cover plant. Its growth 
is somewhat slow at first, but eventually a dense 
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covering is obtained. It is not used in Tea as it 


grows far too thick and climbs into the plucking 


surface of the bush. 


SESBANIA Pers. This is a genus of herbs and — 


shrubs of the family Leguminosae found throughout 
the tropics. 


Sesbania aculeata. A low prickly shrub which 
is common in India from whence it extends to Siam. 
It likes wet fields and is grown as a cheap fibre plant 
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and as fodder. Sometimes it is used also as a cover — 


crop. Its seeds are edible. It is a slow grower in its 
early stages, but grows vigorously later and forms a 
good cover. Although it is extensively used in mango, 
cocoa and rice plantations, it is not used as a cover 
crop or as a green manure in rubber or tea. 


Sesbania aegyptiaca. This plant was original- 
ly cultivated in Egypt whence it has spread eastwards 
in cultivation. It has been tried as a green manure 
for Tea but as the amount of loppings and leaf fall 
has been found to be meagre, it is not suitable asa 
green manure or cover plant. 


Stizolobium alterrimum Piper & Tracy. This 
plant, commonly known as Mauritius, Bengal or 
velvet bean, is an extremely vigorous grower which 
produces a larger mass of growth than most other 
covers. The vines are slender and grow to about 25 
to 35 feet. It is unsuitable in tea on account its 
tendency to climb, but may be useful in bare patches 
or as a ground cover in areas planted with Guatemala 


grass. 


Stylosanthes gracilis. (Syn: Stylosanthes 
Guianensis, Brazilian Lucerne). This perennial 
legume is a native of tropical South America. It is rich 
in protein and grows vigorously ina variety of soils 
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and climates. It succeeds where most green manure 


plants fail and thrives even on very poor soils which 


are not swampy. On account of its prostrate and 
Spreading habit, it appears to be an ideal ground cover 
and green manure for both Tea and Rubber. It is 
superior to most other covers such as Desmodium and 
Pueraria javanica in that Stylosanthes gracilis does not 
root hard, and though it is planted farther apart yet 
gives a better cover of the ground than other plants. 
Its advantages asa suitable cover for Tea cannot be 
put better than by quoting the following excerpt 
from the Tea Quarterly Vol. XXIV:— 


“No weeding was necessary on the cover area for 
the last two years. It has shown itself to be quite 
prostrate with no tendency. to wind in the bushes, 
and very easy to control. The marked improvement 
in porosity and water retention combined with the 
crumb structure would seem to show that the theory 
that deep cultivation is needed to aerate the soil is 
fallacious, while the change in soil colour is evidence 
that organic matter is metabolised into humus and 
retained in the soil when the surface is protected 
whereas it is largely destroyed when the surface soil is 
exposed to the elements ...... *” «On St. Coombs the 
increase in the earthworm population under Stylosan- 
thes gracilis cover is quite phenomenal ”. 


It provides tons of green manure on the spot. It 
withstands drought and keeps the soil moist under 
the most arid conditions. It improves the tilth and 
fertility of the land and rehabilitates the soil quickly 
and enables the top soil to regain its lost humus con- 
tent and fertility in a surprisingly short time. It 
transforms the poorest sun-baked earth into black 
fertile soil. It is easily kept under control and does 
not climb into the tea. It does not interfere or ob- 
struct the application of fertilisers for its runners can 
be rolled like a mat. 


¢ 
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Stylosanthes runners will easily cascade over 
road banks and ridges and do the work of expensive 


terraces and bunds. Once a good cover is established 


there will be no soil-wash and it effectively smothers 
out weed growth. Weeding costs as well as cost of 
cleaning drains are reduced to negligible proportions. 


The stems of the plant are hairy and covered 
with tiny villi. The trifoliate leaves are also hairy. 
The plant flowers once a year producing creamy 
yellow flowers in dense terminal heads. Seeds become 
mature unevenly making harvesting, threshing, and 
curing most difficult and expensive operations. 


NOTES ON PROPAGATION. 


Nurseries. The beds should be prepared by 
forking the ground to a depth of about 12 inches and 
all stones roots and dead wood should be removed. 
Jungle soil, compost or cattle manure may be incor- 
porated as required and as available to ensure good 
results. Two weeks before planting the seed, dust the 
beds lightly with Gammexane or some effective in- 
secticide. Rake the beds to form straight lines not 
more than 4 inch deep and 3 inches apart. 


To ensure quick germination, the seed should be 
soaked overnight for 10 to 12 hours in cold water. 
As a precautionary measure against loss of seed 
through ants, add to the seed to be sown an equal 
measure of fine silt, sand or ash. Sow the mixture of 
seed, silt, sand or ash into the raked seed beds and 
cover up with soft earth lightly. 


Water twice daily in the mornings and evenings 
on days when there is no rain. 


The plants will show up in 14 to 2] days. 
Commence weeding after the 6th week. 
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Thereafter treat the young plants with liquid 
manure made by mixing 4 earth baskets of well rotted 
cow dung with 40 gallons of water. Apply by means 
of a watering can. This should be done once a week. 


In 3 months’ time sufficient growth will have 
been established to take cuttings. 


Planting by means of Cuttings. Cuttings 
afford the quickest and least expensive method of 
propagating over large areas. Cuttings will be avail- 
able all through the year whereas seed could be had 
only once a year the collection of which as already 
stated is both troublesome and expensive. Do not 
cut too low as thick stems will not root well. Cuttings 
should be tender and 4 to 5 inches in length. 


Dip the cuttings in a fairly concentrated solution 
of cow dung to accelerate bacterial activity. This 
process of inoculation is particularly useful and 
important in poor fields where growth of any type of 
green manure in the past has been difficult and poor 
due to deficiency of micro-organisms and legume 
bacteria in the soil. This will promote rapid and 
vigorous growth. It is recommended that the cuttings 
be carried to the field partially immersed in a con- 
centrated solution of water and cow dung. In areas 
which have suffered serious loss of top soil through 
erosion and indiscriminate use of weeding scrapers the 
application of a little Saphos will considerably help 
the cuttings to get a good start. 


In favourable weather when the soil is wet, fork 
the spaces between the Tea bushes and loosen the 
soil. Make a hole with a pointed stick to a depth of 
3 inches and plant 2 cuttings in each hole. Gently 
firm down the soil without exerting pressure and 
protect with 2 or 3 pegs to caution weeders and other 
workers until such time as the cuttings have taken 
root. 
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When a thick cover has been established, which 
will be about 3 to 4 months, according to weather 
conditions the cover may be thinned out as desired. 
In Tea this is done by removal of plants in alternate 
bush spaces. 


Once in3 or 4 months it will be necessary to 
spend two labourers per acre and slash down the 
growth toa height of about 8 inches. Do not slash 
too low as this will expose the bare soil, The slashed 
material can either be turned into compost or allowed 
to decay and be incorporated into the soil as a mulch. 
Tender shoots may be collected and utilised for 
planting in the Nurseries to provide planting material 
for the next season. 


Planting in Soil Blocks or as Basket Plants. 
Planting by means of soil blocks or in Baskets is 
desirable in very steep places where erosion has 
caused serious damage and where stones are not 
available to build terraces to conserve the soil. The 
baskets may be of the smallest size, say 3” x 5”. It 
is essential that good jungle soil is used for filling the 
baskets and for making soil blocks to ensure vigorous 
growth. LKither cuttings or seed may be planted in 
the baskets or soil blocks. Transplating in the field 
should be undertaken when the plant has grown to a 
height of about 6 inches. This will normally take 
approximately 8 weeks. 


Planting seed direct in the field. Good 
weather continuously wet is essential if it is desired 
to plant seed direct in the field. Soak the seed 
overnight for 10 to 12 hours in cold water before 
planting. The bush spaces in the Tea should be 
forked and the soil loosened and all stones, roots ete. 
should be removed. Beneficial results will be obtained 
if a little Saphos or a few handfuls of jungle earth, 
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compost or cattle manure are incorporated with the 
soil at the places where the seed is to be sown. 


Plant 3 to 4 seeds at each point } inch beneath 
the prepared soil surface. The seed rate is 3 to 4 
ounces per acre. It is very important that immediate 
protection is afforded to caution weeders and other 
workers. 


Although this method ensures quicker establish- 
_ment of a satisfactory cover, the main objection to it 
is the initial cost of seed which is expensive by reason 
of its scarcity and the great difficulties involved in its 
collection and cleaning. Cuttings on the other hand 
provide ample material for propagation and the initial 
cost of seed is reduced to negligible proportions 
because | lb. of seed will be sufficient to cover an area 
of about 50 acres or more when supplied by means of 
cuttings directly or in baskets or in soil blocks, 
whereas it will suffice for 5 to 6 acres only if planted 
at the rate of 3 to 4 ounces seed per acre direct in 
the field. Cuttings from your own Nurseries have 
the added advantage of being planted easily and 
cheaply and permit inoculation at the same time. 


Stylosanthes sundaica Taub. This annual 
plant which is known as Townsville lucerne in 
Queensland is very much smaller than Stylosanthes 
gracilis. The prostrate stems grow to only about 
10 to 12 inches and form a mat like cover. It 
- requires moderate rainfall for success and may not be 
suitable in districts where rainfall is heavy. 


TRIFOLIUM Linn. A large genus of herbs of 
the family Leguminosae found in temperate and sub- 
_ tropical countries. 


Trifolium alexandrinum. This has been culti- 
vated asa cover crop in India rotated with maize 
and cotton. Its use in tea or rubber has not been 
satisfactory, and is not known in Ceylon. 
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VIGNA. This is a genus of herbaceous climbers 
of the family Leguminosae found in the tropics. See 
also Dolichos Hoset. 


Vigna marina. ‘This is a sea-shore herb found 
all round the world on tropical coasts. In Indonesia 
and Malaya it has been tried as a green manure but 
was found to be unsatisfactory and is not used as such. 


Vigna phaseoloides. ‘This is a fairly vigorous — 
grower which forms a dense cover the vines of which 
show no tendency to climb. It is however very ‘ 
susceptible to mite attack. i 


Vigna pilosa. This is yet another variety of 
Vigna found growing wild in the United Provinces of — 
India. Its growth is slower than Dolichos Hoset and — 
requires plenty of moisture. It seeds poorly and — 
cannot check growth of weeds. It is therefore not — 
recommended as a green manure or cover plant. . 

| 
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Vigna sinensis. Syn: V. wunguiculata. Cow 
pea. Mekaral (Singh.). Paithankai (Tam.). This is a 
plant of ancient cultivation and its country of origin 
is uncertain. There are various varieties of this 
species but the difference between them is so slight — 
that they are not distinct nor can they be kept 
distinct. Some are used as a green vegetable, 
others are grown for their seed which contains about — 
24 per cent of proteins and 55% of starch. Asa _ 
fodder crop it is particularly useful owing to the ease — 
of growing it and it smothers growth of weeds. Asa 
green manure it greatly enriches the soil. In Ceylon — 
it is well known as a food crop but has not been used 
to any extent as green manure in Tea. Thick sowing 
is necessary to obtain a good cover. Given satis- 
factory conditions it forms a thick cover in 3 to 5 
months and thrives on poor soils and is very resi- 
stant to drought. 
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Vigna vexillata. This variety of vigna is 
found growing wild in the plains and hills of the 
United . Provinces of India. It is also found in 
Indonesia. Although it is moderately common, it is 
neither sown, nor utilised as a green manure. 


All the shade trees bush and shrub green manures 
and ground covers described in this chapter with the 
exception of Grevillea Robusta belong to the family 
Leguminosae. The majority of these possess root 
nodules containing bacteria which are capable of 
fixing atmospheric Nitrogen in the soil. They are all 
self-supporting to a great extent in respect of Nitrogen 
requirements which attribute makes them particularly 
useful and they do not unduly compete with the tea 
for plant food and moisture. Whatever nutrients 
they bring up from the deep layers of the soil are 
returned by way of leaf fall and loppings to the 
surface soil which is thereby permanently enriched. 


Ground covers are very necessary especially in 
the low country where the shorter pruning cycles 
expose the ground during and after pruning to the 
harmful effects of insolation and the weathering 
action of wind and rain. The same remarks would 
equally apply to the tea areas in higher elevations. 
Ground covers protect the top soil against erosion, 
exercise a smothering action on weed growth and 
maintain the humus content of the soil at a high level 
permanently. 


As stated in these notes, green manures will grow 
poorly in areas which are deficient in organic matter. 
For the proper growth of vegetation it will be neces- 
sary first of all to rehabilitate it by restoring the 
organic matter and humus content to satisfactory 
levels. In extremely poor areas, to achieve correct 
conditions, green manure from outside sources at the 
rate of at least 20 tons per acre must be incorporated 
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into the soil. If land is available, green material in 
sufficient quantities can be produced. Napier and 
Gautemala grasses readily respond to manure and give 
the heaviest possible green material per annum. Such 
grass should be lopped and the poor areas should be 
thatched with it. The best time to make use of this 
material grown outside the tea for thatching is, of 
course, at pruning when the maximum amount of 
bare soil is likely to be exposed. Besides protecting 
the soil, such a thatch is likely to have a marked 
effect in suppressing weed growth and so will reduce 
weeding costs. 


Sun flower will grow very well in ravines wastes 
and swamps and affords another prolific source of soft 
green material in abundance. This should be forked 
into the soil to make the most of its intrinsic value. 
Neither grasses nor sun flower (Tithonia diversifolia) 
must on any account be grown inside the tea area. 
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CHAPTER VIII. 
PROPAGATION OF TEA 


Tea can be propagated in a variety of ways. 
The following methods of planting in fields and 
clearings are generally adopted in Ceylon:— 


Seed-at-stake. 

Long Rooted Seedlings. 
Basket Plants. 

Soil Blocks. 

Plants ex Nursery. 
Nursery Stumps. 
Vegetative Propagation. 
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We shall now examine each of these methods in 
close detail. 


Planting out as Seed-at-stake. Ripe mature 
selected seed of good jat such as the dark leaf Mani- 
puri can be purchasd from many estates which have 
built up a reputation for the seed supplied by them. 
They are sold by the maund which is a weight 
corresponding to 80 lbs. nett. Delivery is usually 
made in half-maund cases in which the seeds are 
packed with powdered charcoal which prevents the 
seeds from either drying up or becoming mouldy and 
ensures its viability for a reasonable period of time. A 
maund will normally contain 10,000 to 12,000 large 
seeds or about 15,000 smaller seed. 


As soon as the seeds arrive, they should be un- 
packed and emptied into a large drum containing 
water. All floating seeds must be separated from those 
which sink. Floaters denote presence of air between 
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the cotyledons and the shell due to drying influences 
during picking, storing and transit. If too much 
moisture has already been lost, floaters will not germi- 
nate well and even if they do, they take a much longer 
time than the heavier seed which sink. For this reason 
floaters should be allowed to remain in the water from 
12 to 18 hours after which period if they still float, they 
should be discarded. It will be necessary to germinate 
the remaining seed before it can be planted out in 
Nursery beds or as seed-at-stake in a clearing, and 
special beds are required for this purpose. 


Germination Beds - Preparation, Care and 
Maintenance. These beds need not be dug as deeply 
as nursery beds. Flat ground free from stones and 
rubbish, insects and pests should be selected. Beds 
may be 10’x 4’ according to the quantity of seed to 
be germinated. These may now be covered with 
4” to 6” of well rotted cattle manure on which 2” of 
fine sand should then be placed. The heavy seed 
which sinks in the water may now be collected and 
spread on the beds insucha manner that they lie 
closely, but not actually touching, and then covered 
over with 2” more of fine sand. A detachable frame- 
work should be erected over the beds on which 
cadjans, mana or other available material may be laid 
to afford protection from hot sun, heavy rain or drip 
from overhanging shade. 


The seed should be kept moist during germination, 
but not too wet as excessive watering tends to rot the 
cotyledons. Germination starts from 12 to 15 days 
after the seed is sown and will continue for several 
weeks before completion. The beds should be picked 
over frequently, and all the seed ready for planting 
removed when the shell has cracked and the rootlet 
is from 3” to ~” long for otherwise it is liable to be 
damaged with handling and a defective tap root will 
result and curtail the growth of the plants. 
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When germinated seed is put out as seed-at-stake 
it is taken direct from the germinating beds to ‘the 
field when the weather conditions are favourable. 
There should be continuity of rain for at least four 
months from the time of planting. Planting oper- 
ations in the field are best carried out just after a 
shower of rain during wet weather. The seeds should 
be carefully transported to the field without damage 
to the rootlets or direct exposure to the sun. One 
seed per hole or at each point pegged on the filled 
contour trenches should be planted. Care should be 
taken not to plant the seed too deep in the soil. Small 
holes at the places to be planted should be made with 
a dibbler or finger and the seeds should be placed not 
more than an inch below the surface of the soil. For 
protection and shade 3 strong pegs should be driven 
around the seed converging at the top and the spaces 
in between them should be adequately covered with 
ferns. The land should thereafter be maintained 
clean, otherwise the young plants will be smothered 
by the growth of weeds. 


Long Rooted Seedlings. In recent years pro- 
pagation by means of long rooted seedlings has been 
adopted in districts where normally a large percentage 
of supplies die every year due to drought conditions. 
These seedlings which have long straight tap roots of 
about 10 to 12 inches, when planted in favourable 
weather become firmly established by the time the 
usual drought conditions set in, and have a better 
chance of withstanding the dry season as they can 
draw moisture from deeper layers than it would be 
possible in the case of plants propagated by means of 
seed-at-stake. ‘Fhe method described here is worthy 
of trial in estates where the percentage of deaths due 
to drought conditions is very high. 
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Method. Prepare beds about 3’ wide and 15’ long 
and enclose them with 1” planks or a stone wall so 
that a height of 13’ is obtained. Adequate drainage 
should be provided so that there will be no risk of 
water logging. The beds should now be filled with 
well washed river sand which must be absolutely free 
from every trace of ordinary soil. The seeds which 
have already been tested for floaters should be now 
spread over the bed closely, but not actually touching, 
and covered with a 2” layer of fine sand. The seed 
should be kept moist but not wet by careful watering 
only as and when necessary. A detachable roof may 
be erected over the beds to afford protection from hot 
sun and heavy rain. 


It will be obvious that well washed river sand 
will not have any plant food in it, and the seedling 
will obtain its supplies of energy and salts from its 
cotyledons, and in its search for plant food from 
external media its rootlet will grow straight and long 
until it reaches the bottom of the bed. But for our 
purpose a seedling having a tap root of 10” to 12” 
will be adequate for planting at which size it will 
have developed about 4or5 leaves. The time taken 
for this growth will vary from 4 to 8 weeks. Removal 
of the seedlings from the sand beds will present no 
difficulty. The sand need be pushed aside with the 
hand, and the seedlings will come out undamaged 
witha long straight tap root free from any side 
feeders. The cotyledons will still be attached to the 
plant and contain enough nourishment to last until 
its root has established itself in its new environment 
in the field. 


Only sufficient seedlings for the day’s work must 
be taken from the nursery beds and these should be 
handled with the utmost care. They should not be 
tied up into bundles and care should be taken not to 
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expose them to the direct heat of the sun. To obtain 
best results they should be loosely placed together in 
lots of 100 plants and carried to the field in containers 
holding a sufficient quantity of concentrated cattle 
manure in solution to soak the roots. This process 
of inoculation will not only promote vigorous growth 
of the seedlings, but also make up for any absence of 
micro organisms such as bacteria and certain types of 
useful fungi in the soil. These micro organisms are 
responsible for the decomposition of organic matter 
and rendering it in a form suitable for assimilation by 
the plants as food. Planting of the seedling may be 
carried out with the aid of a pointed stick with which 
an opening of sufficient depth to accommodate the 
seedling may be made at the point where it is 
intended to plant it. The root of the plant should 
be inserted into the hole up to its nusery level and the 
soil around it should be firmly consolidated to avoid 
‘‘pockets” and to ensure close adhesion of the soil to 
the root. Three pegs converging at the top may be 
driven into the ground around the plant to afford 
protection and the spaces adequately shaded with 
ferns. Every care should be exercised to ensure 
that the roots are not damaged in any way from the 
time they are removed from the sand beds until the 
seedlings are planted. Otherwise growth will be weak 
and even if they do survive, they will prove to be 
uneconomic yielders. Wet weather conditions must 
be chosen for this work and the time of planting 
should give the seedlings at least 4 months of rainy 
weather to establish themselves firmly. 


Basket Plants. In certain districts where 
drought conditions are long and severe or where 
fertility, tilth and texture of the soil' are unfavourable 
to the satisfactory growth of the young plant, a large 
percentage of failure in seed-at-stake is experienced. 
In recent years this percentage of deaths has been 
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enhanced by Blister Blight. To combat these adverse 
conditions, basket plants are utilized. The supply 
baskets are of spike-end type and the dimensions 
should be such that they hold sufficient soil and plant 
food and remain in fair condition until the plants 
have grown to a height of 6 to 8 inches at least which 
will take approximately three to four months under 
favourable conditions. 


Filling of Baskets. In order to ensure good 
results, adequate care must be given to the task of 
filling the baskets. Only the best jungle soil should 
be used. Very often we encounter poor basket plants 
which make no growth because any old exhausted 
soil was used to fill them. The small extra expense 
involved in using the best material for filling baskets 
will be repaid many times over by the luxuriant 
plants that will be produced. The jungle soil after 
collection should be sifted through a No. 4 mesh and 
all stones and woody material should be removed. 
This work is best done in dry weather. Leaves com- 
posted with the aid of a little Sulphate of Ammonia 
as described in Chapter XIV may be added to the 
sifted jungle soil to ensure adequacy of plant food. 
After filling has been completed, the baskets may be 
arranged closely in the beds and germinated seed at 
the rate of one toa basket is planted. Adequate shade 
must be provided by means of ferns or by erecting 
a detachable roof of cadjan or mana grass. The closer 
concentration of the plants in the nursery beds facili- 
tates watering, care and maintenance and anti Blister 
Blight spraying until they have grown sufficiently for 
transplanting in the fields. Given satisfactory condi- 
tions, this will take approximately four months. 
The best time for planting them out in the field is at 
the commencement of the monsoon rains. The 
baskets should be put out at the proper planting 
distance that has been decided upon in the contour 
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trenches or holes in the following manner., A sharp 
ended stick about 2 inches in diameter should be 
driven into the ground at the point to be planted and 
by turning it with a circular motion accommodation 
for the basket should be made. Thereafter the entire 
basket is placed in the hole and the soil consolidated 
from all sides except at the top to prevent damage to 
the cotyledons. Shade and protection from accidental 
damage should be carried out as already described. 
Shading need not be done immediately but can be 
held back until the close of the rainy season. 


SOIL BLOCKS. Planting by means of soz 
blocks affords a more convenient and less expensive 
method asit obviates the cost of baskets entirely. 
Soil Blocks are made by means of a machine which is 
easily handled by the average labourer. A team of 
4 workers can turn out over 2000 soil blocks in a day. 
The mixture to be used for the purpose should be 
made of 6 parts good jungle soil, 3 parts of compost 
preferably broken down with a little sulphate of 
ammonia and 2 parts of sand. In order to prevent 
“bitten off” disease in young plants, another part of 
coir dust should be added to the mixture. The sand 
used must be clean and should be passed through a 
No. 8 mesh and again over a No. 30 mesh. 


The manufacturer’s instructions should be closely 
followed for the actual making of the blocks. The 
beds on which blocks are to be laid should be prepared 
in the usual way and well drained. “After arranging 
the blocks on the beds, the crevices between them 
should be filled with sand to facilitate removal later, 
and the tops of the blocks covered with 3” of soil 
after germinated seeds have been sown in them. 
Shade should be provided as already described. 


Watering. Soil blocks made with coir dust will 
retain moisture longer than the soil of a nursery bed. 
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Coir dust holds a considerable quantity of water 
which is given up very slowly. Therefore particular 
care should be taken NOT TO OVER WATER. 


Lifting Soil Blocks out of beds. Tea plants 
will have tap roots protruding through the blocks up 
to 6” in length by the time the plants are ready to go 
into the field. When the plants are to be removed, a 
digging fork should be put in deeply at the corner of 
a bed, the handle pressed gently downwards so that 
the blocks with plants are raised up and any protrud- 
ing roots loosened. It is then an easy matter to pick 
up individual blocks. 


Transport of Blocks tothe Field. It is recom- 
mended that carriers, 2’ x 2’, be made with slats and — 
about 5” deep under the slats so that when the soil 
blocks are placed on top the protruding tap roots can 
hang down. The labourer who carries it can put it 
on his head and no damage will be caused to the 
roots. Care should be taken to see that the plants 
are not left in the sun. 


Planting of Soil Blocks. Follow the same 
procedure as detailed in respect of basket plants 
taking special care to see that the protruding tap root 
is carefully accommodated in the hole. To make sure 
that the root has soil round it, a stick should be put 
through the soil sideways just below the block and 
the soil made firm. Likewise the block should also be 
firmed in the hole by pressing the soil round it after 
it has been placed at its Nursery Level. This will 
prevent formation of pockets. 


If the work has been correctly carried out, press- 
ing the top of the soil block after planting will not 
send it further down. If it does sink, it will be found 
that the soil round the protruding tap root and 
beneath the block has not been firmed sufficiently, 
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Before the soil blocks are planted, they should be 
placed on their sides near the holes by the person 
carrying them. They should only be permitted to 
remain in this exposed position for a very short time. 
Otherwise damage to the fine rootlets will result with 
adverse effect on the growth of the plant. 


NURSERIES FOR PLANTS. If it is desired 
to put out plants ex-nursery, preparation of the 
nurseries to receive the germinated seed must be care- 
fully made. Best nursery sites are those which are 
in close proximity to a perennial source of water, 
where the land is flat and occupies a sheltered position. 
The soil should not be alkaline but acid. In high 
elevations where considerable damage is caused by 
frost, care should be taken to avoid frost pockets. A 
few remarks as to how frost pockets are caused will 
not be out of place here and are worth remembering. 
Frosts usually occur at high elevations on clear cloud- 
less nights when the earth loses its heat more rapidly 
through radiation. Frosts are not experienced on 
cloudy nights as clouds act as a blanket over the earth 
and reflect back most of the radiated heat back to the 
earth. On clear cloudless nights, however, the earth 
cools down rapidly and the air above it becomes 
extremely cold and increases in density and flows 
downward to the earth, slips over hillsides and comes 
to rest in favourable places such as valleys, hollows 
and ravines. This cold and heavy air continues to 
accumulate in such pockets and causes temperatures 
to drop to extremes quickly. By examining the 
surrounding land, areas most likely to be frost 
pockets can be fixed and these should not be used as 
nursery sites in districts where frosts are common. 


Flat land is ideal for nursery sites, but if the land 
slopes, the beds should be laid across the slope. 
Dimensions of 4’ x25’ will be found convenient and 
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where conditions permit, all beds may be of this size. 
Drains about 6” wide should be cut around each bed 
to drain off excess water. The ground should be 
thoroughly forked to a depth of at least 2 feet and all 
stones, stumps and roots must be removed. It will 
be found beneficial to incorporate with the soil jungle 
earth or well rotted cattle manure, compost and tea 
fluff as may be available. 


Where the site has been a nursery for a con- 
siderable time and the soil is in an exhausted state, 
reconditioning of the beds is essential before the seeds 
are sown. This may be done by digging out the beds 
to a depth of 3 feet and removal of all soil. A 
minimum of 500 Ibs. of green material in the form of 
sun flower, Gliricidia or Dadap loppings will be needed 
to recondition each bed measuring 4’ x 25° which 
gives a concentration of over 90 tons of green manure 
per acre which is extremely satisfactory and adequate 
to restore lost’ humus content to the original virgin 
jungle conditions. Refilling of the bed should be 
carried out as follows :— 


1. Place one layer about 6” thick of green 
material weighing 250 lbs. 


2. Over this place a layer of jungle earth about 
6” thickness and mix it thoroughly with the first 
layer of green material. 


3. Place a second layer of green material weigh- 
ing 250 lbs. and mix this with a‘another layer of soil 
about 6” in thickness. 


4. Fill the remainder of the bed with a mixture 
of soil, tea fluff or compost as available. 


Treated in the above manner, the beds will 
return to a high degree of fertility and tilth very 
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quickly and the plants growing on them will be 
vigorous and healthy and will be in good heart even 
during adverse drought weather conditions. . 


The germinated seed should be planted 1” deep 
and 3” to 4” apart. To ensure the seed _ being 
~ accurately spaced, a board 5’ x 2’ is made and _ holes 
1” in diameter are drilled on it 3” to 4” apart from 
one another in each direction. When seed is to be 
planted, the beds should be watered and the board - 
laid across the width of the bed and holes made on 
the beds by passing a pointed stick through each hole 
in the board. Thereafter the board is carefully lifted 
off anda single germinated seed is placed rootlet 
downwards in every hole 1” beneath the soil surface 
and lightly filled with soil. When planting has been 
completed, adequate shading should be carried out. 


If it is intended to use mechanical transplanters 
to remove the plants for putting them out in the field, 
then the planting distance should be 6 to 8 inches 
apart. 


Planting in the field as Stumps ex Nursery. 
Plants growing on the nursery beds are permitted to 
grow at least 2 years until their central stems have 
attained a thickness of slightly more than that of a 
pencil. Wet weather is very essential for uprooting 
and planting. Uprooting should be carefully done 
without damage to the roots or the stems. Plants 
with bent tap roots should be discarded. Similarly 
weak and small plants should not be taken as they 
will prove to be uneconomic. After the-plants have 
been pulled out from the nursery beds, they are cut 
down at a height of 2 to 3 inches above the nursery 
level. The purpose of stumping the plant is to 
help it to conserve as much moisture as possible and 
to prevent loss through transpiration by media of 
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its leaves until its root system has taken hold in the 
field. Where, however, more favourable conditions 
obtain, the plants can be supplied in the holes with 
their main stems intact and left to grow for a further 
year until they have grown sufficiently to permit 
centering which operation will be described in detail 
in a later chapter. 


Removal of lateral rootlets of the stumps does 
not appear to do any harm as most of these die back 
in the course of time. But generally they are not 
disturbed. Accommodation in the holes for planting 
the stumps is done with a pointed stick in the same 
manner as described with reference to basket plants. 
The stump is then gently dropped into the hole which 
is filled with soil. Thereafter the plant is pulled 
upwards perpendicularly to its nursery level and the 
soil is consolidated from the top and sides. A certain 
amount of earth should be scraped around the stem 
to form a mound to prevent a depression being 
formed which would cause water to collect and result 
in wood and collar rot. Pegs for protection and ferns 
for shade should be provided. 


Vegetative Propagation. In the light of the 
knowledge and experience gained after the advent of 
Blister Blight, propagation of Tea by vegetative means 
has been acknowledged as superior to the older and 
long-established methods. Vegetative Propagation 
is comparatively a simple process. Excellent results 
are obtained with reasonable care and interest. 


Tea like other cross-pollinated plants does not 
grow true to type from seed but produces a mixture 
of plants having both good and bad qualities and 
many differences as regards size and shape of leaves, 
tendency to produce banji shoots, length of nodes 
and resistance to pests and diseases, All these 
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differences exercise a marked influence on _ the 
cropping capacity of a bush. In all tea areas we can 
see a large variety in the types of bushes. These 
variations are due to the fact that seeds have been 
used for the commercial culture of tea in Ceylon 
from the earliest times thereby filling the tea areas 
with heterogeneous mixtures or hybrids. 


Tea growing from seed as already mentioned 
will not produce progeny true to type _ bearing 
identical characteristics of the parent bush or seed 
bearer. A Clone is the progeny from a particular 
type of tree or bush grown by means of vegetative 
propagation. In this case the mother tree is 
reproduced genetically in each member of the clone. 
Seeds on the other hand produce a variety of hybrids 
with marked differences in individual characteristics 
such as shape, size and colour of leaves and resistance 
to disease as mentioned earlier. The wide variety of 
bushes seen on every estate confirms the fact that 
seeds do not guarantee fixation of desirable 
characteristics of the parent, however excellent, and _ 
therefore if our aim is to avoid hybridization, seed 
selection is impracticable. 


A careful examination of any tea area will reveal 
certain bushes which are better than others with 
regard to yield, vigour, growth, and resistance to 
disease. These are the types best suited for selection 
as parent bushes, and material from them used for 
large scale multiplication by vegetative means gives 
amazing results. Yields are greatly increased and 
their vigorous growth makes them particularly resis- 
tant to diseases and pests. All good hereditary 
characteristics of the parent bush can be fixed in the 
progeny by a simple process using Internode Cuttings 
from the selected parent bush as material for propaga- 
tion. The resulting clones are endowed with the 
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same genetical qualities as the parent bush. As only 
small portions of plant material is necessary, a large 
number of plants can be propagated from the cuttings 
derived froma single bush. This makes vegetative 
propagation an economic proposition provided ade- 
quate care is paid to the selection of parent bushes 
which must stand out in all the favourable features 
discussed in close detail in this chapter. This intial 
care will be abundantly repaid in later years by 
heavy crops, increased financial returns and lowered 
costs. 


SELECTION OF PARENT BUSHES. The four 
chief criteria by which mother bushes are selected 
are :— 


First YIELD. 

Second RESISTANCE TO DISEASES 

Third CAPACITY TO WITHSTAND DROUGHT and 
Fourth ABILITY TO RUN A LONGER CYCLE. 


Yield is the simplest character to assess and is an 
index to other desirable characteristics of the bush 
As time factor is of paramount importance in ob- 
taining the superior advantage of vegetative pro- 
pagation, it is better to avoid test plucks and select 
by eye alone and so concentrate on getting material 
into the nursery as quickly as possible. The initial 
selection of bushes can easily be done by pruners 
or pluckers. The Superintendent should then ex- 
amine all selected bushes and discard those which 
reveal the following undesirable characters :— 


(1) Bushes with open plucking tables. 
(2) Types which flower and seed freely. 


(3) Those which tend to grow upright and 
produce banji frequently. 
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(4) Bushes having poor spread and few. plucking 
points. 

(5) Types which show paucity in a lower canopy 
of mature leaves. 


(6) Those which have short internodes. 


(7) Those alongside roads and adjoining vacant 
patches. 


(8) Types which suffer most from Blister Blight, 
Shot Hole Borer and other diseases and pests. 


The following desirable qualities should be looked 
for in selection of parent bushes :— 


(a) Bushes with close and dense plucking tables 
with a good number of plucking points. 


(b) Those which permit easy plucking. 
(c): Types having clean frames and wide spread. 
(d) Those having shoots with long internodes. 


(e) Bushes which branch freely from the bottom 
and have a thick canopy of mature leaves. 


SELECTION FOR YIELD. If time is not a 
pressing factor, this character can be accurately 
assessed. Pruning and plucking kanganies are in the 
best position to carry out the initial selection by the 
eye. The bushes selected by them should be labelled 
with tin tickets, on stakes for identification purposes 
and suitably fenced to prevent them being plucked. 
A plan showing the location of all selected bushes will 
be found to be very useful. These bushes may now 
be given a light cut across prune calculated and 
performed so that they will return to plucking in about 
8 weeks. Leaf from the first and second tippings 
should not be taken into account. Thereafter 
plucking should be carried out once in seven days 
and a careful record of yield of each individual bush 
by weight and count of flush should be maintained. 
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After eight such rounds, all low yielders should be 
eliminated. Where of course time is a limiting factor 
the Superintendent and his Assistants can personally 
select the best types by visual examination on the 
basis of the desirable characterstics detailed already. 


SELECTION FOR RESISTANCE TO PESTS 
AND DISEASES. After examining the bushes for 
yield capabilities the bushes are examined for resis- 
tance to disease and pests. Susceptibility to pests 
and diseases varies from clone to clone. In selecting 
bushes where Blister Blight is prevalent, it would be 
sheer waste of time and labour to search for bushes 
that are immune rather those that display a consid- 
erable degree of resistance. What is necessary, is to 
look for bushes which continue to yield plenty of good 
pluckable flush during a severe attack of Blister 
Blight. Thus selection for Blister Blight resistance 
is best carried out during blister periods and prefer- 
ably in younger fields which are most liable to 
damage. 


There are other pests such as meadow eelworm 
(Pratylenchus pratensis) etc., which should not be 
overlooked. In selecting bushes that are resistant 
to eelworm, the Superintendent should look out for 
_ bushes that are high yielding and vigorous in an area 
infested with eelworm. In some estates it may be 
necessary to look for bushes that display resistance 
to both eelworm and Blister Blight. This makes 
selection more difficult but that such clones do exist 
has been proved where the early selection was made 
for eelworm resistance prior to the advent of Blister 
Blight. 


In areas where drought is of frequent occurrence, 
drought resisting types are picked out adopting the 
same principle. 
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Where shot-hole borer (Xyleborus fornicatior) is a 
menace, besides looking for resistant types, it would 
be an advantage to search for types that run fora 
longer cycle. ; 


The number of bushes to be selected initially will 
vary according to the acreage of the estate, but in 
deciding on the number, consideration should be given 
to the fact that about fifty per cent of the mother 
bushes will be discarded in the nursery due to poor 
rooting. In fact there should be no end to selection, 
for one should always try to look out for something 
better, there being no marking time once selection 
is started. 


Each estate will have its own problems and 
accordingly itis advisable that each estate should 
carry out the selection of its own mother bushes. 
Good types, undoubtly, exist in all estates and could 
be picked out if only the trouble is taken to look for 
them. It is interesting to note that clones selected 
from the low-country and subsequently planted at 
higher elevations do not doas wellas those in the 
low-country and, conversely. Similarly clones that 
show high resistance to Blister Blight at low elevations 
do not always display the same degree of resistance 
on being transferred to higher elevations. 


TREATMENT OF SELECTED BUSHES. All 
bushes selected should be labelled. Any type of 
numbered label attached to a high stake may be used 
and the bushes fenced in, if désired, to prevent their 
being plucked. Further it is desirable to provide 
some method of checking the location of the bush. 
A plan showing the position of the selected bush in 
relation to paths and drains will prove very helpful. 


Cuttings can be made from a bush at any stage 
of growth. Cuttings propagated from good rooters 
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at the end of the cycle will give good results, but the _ 
material will be difficult to handle in view of the 
shorter internodes. It is best, therefore, to prune the 
bushes and allow them to grow unplucked until the 
lower end of the shoots begin to turn woody. The 
period of time required for this will vary according 
to climate and elevation. At lower elevations it will 
take two to four months while at high elevations the 
period will be longer and will take 3 to 6 months. 
The type of shoot obtained by this treatment has | 
long internodes and is easy to work with. Bushes ; 
selected at the beginning of the pruning cycle need , 
not be pruned again but can be permitted to grow 
unchecked until sufficient growth has been made. 


It has been found advantageous to break the 
tips of shoots from selected bushes that have been 
rested, about two weeks before the cuttings are to be | 
taken. This helps to harden off the upper portions — 
of the stem and give an increase inthe number of 
cuttings that can be taken. The number of cuttings 
that can be obtained from a single bush varies from — 
200 to 800 at each harvest. 


| 
METHOD OF TAKING CUTTINGS. Shoots 
sufficient to produce the required number of cuttings 
are removed from the bush, placed in a bucket of 
water and carried to the nursery. On wet days, 
however, the cuttings can be transported in baskets 
to the site, where they are then placed ina vessel 
containing water. Onno account should the shoots 
be tied tightly into bundles as this will damage the 
leaves. Before shoots are sent to the nursery it is 
essential that they should be correctly labelled. 


The making of cuttings, which should always 
be carried out under shade, is a very simple process. 
All soft and sappy portions together with the portions 
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that have turned woody, i. e., where the bark begins 
to crack and has greyish streaks, are discarded, as 
shown in Fig. 1. All damaged, diseased or infected 
leaves should also be discarded. 


A sharp budding knife or blade is used in making 
the cuttings. Greatest care should be taken to make a 
clean cut and not to mutilate any part of the 
individual cuttings, for in many cases the efficiency 
with which this operation is performed makes all the 
difference between success and failure. The cuttings 
when made, should be allowed to fall into a bucket 
of water so as to prevent drying out between the 
taking and the planting. This is especially important 
with leafy cuttings which lose water very rapidly. 
The cuttings thus made are best planted without 
undue delay. 


The number of cuttings from each mother bush 
to be tried out for rooting will depend on the nursery 
space available, but it should be possible for at least 
150 cuttings from each bush to be put out. 


TYPE OF CUTTING. Green wood cuttings 
root rather better than red, but in large scale 
propagation it is necessary to take a mixture of both 
red and green thereby getting the maximum number 
of cuttings possible. Single leaf cuttings which 
provide the most material give better results than 
cuttings with double or treble leaves. In experiments 
carried out at the Tea Research Institute, St. 
Coomb’s, Talawakele it was found that percentage of 
rooted cuttings at 24 months was as follows :— 


Single Leaf cuttings 51% 


Double ,, = 45 % 
Treble _,, ie 17 % 


The only instance when the use of double nodes 
is advocated is when the inter-nodes are short. When 
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inter-nodes are short, the cuttings are not readily 
anchored in the soil. Besides, deeply planted 
cuttings have their bases in a medium whose 
temperature and moisture content tend to fluctuate 
relatively little. 


The presence of flower buds is generally detri- 
mental to rooting. Therefore taking of cuttings from 
trees that have reached the flowering stage is best 
avoided. Generally cuttings from such trees if 
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propagated, make little shoot growth but merely 
develop flowers. 


There is no disadvantage if the bud in the axil 
has just commenced to grow, but if much growth 
has been produced, the shoot is cut back to the fish 
leaf as shown in Fig.2. This is done to prevent 
excessive transpiration taking place. 


Root Stimulants. The use of a growth regula- 
ting substance Hortomone A has resulted in earlier 
rooting, but its extensive use would entail an expendi- 
ture out of proportion to the benefit gained. In 
particular circumstances such as those arising from 
the approach of a suitable transplanting season, the 
hortomone treatment may be useful as an accelerator. 
It is not likely, however, to be of any value in break- 
ing down an inherent resistance to root formation on 
the part of individual bushes. When tried, it should 
be used according to the maker’s directions. 


NURSERY. 


The site for a nursery should be carefully chosen. 
It must be easily accessible and close to a perennial 
source of water supply. Good natural drainage is 
most essential and in its absence no other treatment 
an overcome the deficiency. Special attention must 
be paid to the physical condition of the soil. By this 
is meant its texture, humus content, aeration and 
moisture retaining capacity. Dense textured soils 
such as clay, soils very sandy or gravelly, and alkaline 
soils, such as are likely to be found on old line sites 
must be avoided. 


Cuttings will not succeed in nurseries infested 
with eelworm. Accordingly it is good policy not to 
grow bush covers that are susceptible to the root- 
knot eelworm (Heterodera marioni) on an area that is 
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to be used asa nursery site. Direct drip on to the 
beds from overhanging shade must be avoided. 


PREPARATION OF BEDS. The area selected 
should be dug to a depth of 14 feet and all roots and 
stones removed and lumps broken down by mamoty. 
The soil should then be worked over again to ensure a 
good tilth. If the soil contains much sand, jungle 
earth and humus should be added to secure the 
required texture. It is, however, a mistake to incor- 
porate any manure, for cuttings do not root well in a 
rich soil. Drainage may be provided by removing 
the soil to a depth of 18 inches and making the base 
of the bed with clinkers toa height of 4 to 6 inches 
and then filling up with the removed soil. 


The prepared area should then be divided into 
beds, the width not exceeding 4 ft. and length about 
15 to 25 ft. The surface is then made as evenas 
possible with a slight slope towards the drains, the 
object being to carry off any rain water. The practice 
of raising beds more than a few inches is not recom- 
mended, for cuttings on edges of high beds suffer in 
dry weather from lateral drying out and in wet 
weather from wash. 


Before the beds are made even, Gammexane dust 
D. 025 should be sprinkled at the rate of 2 teaspoons- — 
ful per square yard over the surface and worked over 
with a mamoty thoroughly. This will reduce the 
casualties due to damage by cut worms and white 
grubs. The prepared beds are then allowed to settle 
down for two weeks before any planting is done. 


PLANTING OF CUTTINGS. The prepared 
cuttings, as described earlier, taken as required from 
the water, are inserted up to the axils of the leaves 
in rows across the beds, the stems being firmed with 
the thumb and index finger, at such an angle so that 
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the lower surface of the leaf lies flat on the surface of 
the soil as depicted in Fig. 3, care being taken that 
the leaves do not overlap. <A suitable planting 
distance is 4 to 6inches apart in the rows and the 
same distance between the rows. 
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Care must be taken when cuttings are planted to 
see that the cut ends of the stalks are not damaged 
by peeling or wounding of the bark. This may occur 
if cuttings are pressed into sandy or unprepared beds. 
Any possibility of such damage may be avoided if a 
dibbler is used to make holes before the planting 
operation. One very important point regarding the 
use of the dibbler must be mentioned, namely, 
adequate firming of the soil. Lack of this will result 
in many failures due to a ‘pocket’ being formed 
between the base of the cutting and the end of the 
hole. 


SHADING. As each row of cuttings is planted 
it should be shaded immediately with bracken fern 
(Gleichena linearis) as a few minutes exposure to 
direct sunlight will cause scorch and result in poor 
rooting. The first few hours are critical. An efficient 
method of providing shade, is to insert clusters of fern 
into the bed between the leaves. The shade should 
be fairly dense so that the cuttings are hardly visible 
when viewed from above. Special attention should 
be paid to the sides of the bed to prevent the rays of 
the morning and evening sun falling directly upon the 
cuttings. All unnecessary treading of the beds can 
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be avoided when planting and ferning, if the work is 
carried out from the sides of the beds or from a plank 
placed across the bed. 


On completing the planting of a set of cuttings a 
sprinkling of water is given to dampen the fern and 
settle the cuttings. When cuttings from more than 
one bush are planted, a margin of about a foot between 
each set of cuttings is desirable so that there will be 
no doubt regarding the identity of a plant later on. 


If planting is done during very dry weather, the 
surface must be lightly dampened before planting 
which is best done under a movable hessian tent. It 
is hardly necessary to state that cloudy days should 
be chosen for any large scale planting. 


Shading and Type of Shade. Whatever shade 
is used it need not be of a permanent nature, but the 
closer the covering to the ground as is the case with 
fern, the less evaporation there will be from the beds 
and the more even will be the humidity maintained. 
The latter condition is particularly desirable. Fern is 
preferred to pandals or sheds as it is cheaper and cut- 
tings under fern harden off better than those under 
sheds or pandals. As the freshly cut fern dries and 
the shade it gives decreases, further additions may 
have to be made. Ferning when fairly dense, breaks 
up the water applied from the rose of a can suffi- 
ciently to prevent any trouble arising from puddling 
of the upper layer of the soil. Fern is preferred to 
pandals for the reason that a pandal must be very 
wide and inconveniently low to prevent morning and 
afternoon sun reaching the cuttings, and moreover the 
fern preserves a still atmosphere around the cuttings 
which is easily kept moist. 


Labelling. The labelling of cuttings as of the 
mother trees is of great importance and a plan of the 
position of the clones in the nursery beds should be 
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maintained. Metal labels bearing the clonal numbers, 
the dates of planting are fixed to suitable posts. 
These are inser between the cuttings of each 
clone. ; 


Watering and Care of Cuttings. Watering 
depends on circumstances and the general principle is 
to keep the fern moist by a very light sprinkle for the 
first ten days, and thereafter to water thoroughly every 
2 or 3 days, as required, rather than carry out a light 
daily watering. The correct watering of cuttings is 
only learnt by experience. Too much watering which 
keeps the soil constantly moist will cause damping-off 
fungi to attack the cuttings. On the other hand, if 
beds are allowed to get too dry by scanty watering, 
the cuttings will wilt, shedding the mother leaf which 
is fatal. The best rule in watering is to water thor- 
oughly whenever it is done, then stop all further water- 
ing as long as the soil remains moist. A simple 
method of controlis to dig the sides of the beds in 
places to a few inches depth and examine the state of 
the soil. The beds should be examined frequently 
and re-ferned where necessary. 


Weeding. Weeding, if necessary, must be 
carried out through the fern, the shade being 
thickened up again as the work proceeds. This work 
is best done during cloudy or damp weather and 
sunny days should be avoided. No attempt should 
be made to scrape off moss as the cuttings are liable 
to be damaged. 


Flower buds which appear on cuttings must be 
broken off as they appear, forif they are allowed to 
remain, the growth of the cutting will be checked. 
Any clones. that flower frequently are best discarded 
in the nursery as it is quite evident from experience 
that free flowering types are poor yielders, 
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Cuttings from some bushes root more readily 
than others, while they also differ in the rate at which 
they form roots, some taking 2} months while others 
take as long as 4 to 5 months. When cuttings are 
put out for the first time, it may be an advantage to 
examine a few rows totalling some 50 to 75 cuttings 
of each clone in order to determine their rooting 
capabilities at the end of four or five months. Under 
estate conditions, clones that give a rooting percen- 
tage lower than 50 per cent should be rejected, no 
matter what other desirable characteristics the 
mother tree may have. The only case when a further 
trial of an apparently poor rooter is worth while is 
when there is obvious reason for failures, e.g., when 
cuttings of a whole bed fail to root, or if some reason 
can be assigned for the failure. 


_Manuring the Nursery. At the end of 4 months 
liquid manure may be applied to the beds to stimulate 
top growth, as the cuttings will require food for 
vigorous growth. Liquid manure is easy to prepare 
and that from cow dung is safest to use. A basket- 
ful of cow-dung is tied in a piece of jute hessian and 
soaked overnight in a large drum, the liquid being 
applied once a fortnight. The soil should be wet 
when the liquid manure is applied. On dry days it is 
necessary to wet the beds and then apply the liquid 
manure. After manuring, the beds should be watered 
again, the idea being to wash off any manure on the 
leaves or stems which if left might cause scorch. 
Beds manured regularly must be rested for a con- 
siderable time before any more planting is done as 
cuttings do not succeed in beds rich in plant food. 


Centering. All plants that carry about 8 to 10 
leaves should be thumb-nail pruned so as to leave 
about 3 to 4 leaves on the plant. This early cut will 
encourage branch formation and any clones that fail 
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to branch after this treatment are best discarded in 
the nursery. On discarding any clones the labels 
attached to the respective mother bushes must be 
removed and the bushes pruned. The men who are 
entrusted with the nurseries should be well trained 
and experienced workers. 


Planting. After a year in the nursery most 
clones will have made sufficient growth for planting 
out in the field and any of the following methods 
may be adopted to remove the plants from the 
nursery as either :— 


(a) Basket Plants, or 
(b) Plants ex nursery. 


Basket Plants. The usual method is to trans- 
fer the cuttings, after they have rooted from the 
nursery beds into large strong baskets. The plants 
thus established in the baskets then go out into the 
field without any disturbance or damage to their root 
system. 


Plants ex nursery. (i) The plants can be re- 
moved by means of a transplanter, and such plants 
taken out of the nursery with the soil round the roots 
still complete and undisturbed. This is quite an effi- 
cient way of removing plants, and for clonal work 
large size cylinders should be used. 


(ii) The other method is similar to that of 
planting stumps. A fork is used to remove the plants; 
great care must, however, be taken to lift them 
gently with their roots holding as much of the original 
soil as possible. Onno account should the roots be 


allowed to dry out as they are extremely sensitive at 
this stage. 


By Courtesy of the Ceylon Tea Propaganda Board. 


REMOVING PLANTS FROM NURSERY 
WITH A MECHANICAL TRANSPLANTER. 
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Any of the above methods may be adopted to 
transfer the plants from the nursery to the field, but 
rough handling of young plants must be avoided if 
casualties are to be reduced to a minimum. 


Test Plots. The plants resulting from the 
initial propagations should be laid down in “Test 
plots” of about 50 bushes of each clone. After the 
planting of these plots a sufficient number of plants 
should be left in the nursery to fill in any vacancies 
that may occur, while any surplus may be used for 
supplying the estate; such plants being obviously 
preferable to unselected seedlings. 


It is in the test plots that the actual usefulness 
of a clone is studied. This undoubtedly takes time, 
but is very necessary as no one can foresee how far 
the properties of a bush that drew the attention of 
the selector, are inherent, or merely the result of 
external factors. Thus, to form a reliable opinion as 
to whether the productive capacity, resistance to pests 
and diseases etc. are inherent characters of the mother 
bush or not, clones must be grown in such a manner 
that external factors are mainly eliminated. : 


An uniform area which is suitable for growing 
tea and free from excessive variations in fertility is 
selected. The simplest method, and the one that can 
easily be adopted is to plant the clones in rows, each 
clonal row containing some 30 to 50 plants. The 
spacing of all clones must be the same throughout 
the plot, 3 ft. along the lines and 4 ft. between rows 
will be found satisfactory. A spacing of 5 feet 
between the rows will, of course, reduce competition 
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between a relatively slow growing clone and a vigorous 
one to some extent. 


The plots will provide means of making obser- 
vations regarding the most desirable characters such 
as relative vigour, rate of development, resistance to 
disease and pests, branching habit, ease of establish- 
ment etc. After about a year’s growth it is possible 
to make a good guess as to which will prove the best 
clones. The best clones may be tested for quality. 
For such tests the leaf from the respective mother 
bushes must be used, which will not be very accurate 
due to the small quantity of leaf that can be harvest- 
ed. These tests nevertheless, serve, the purpose of 
eliminating undesirable types. The clones that are 
found satisfactory are then propagated on a large scale 
for supplying vacancies. 


A few plants at the end of these rows may be left 
to grow so as to provide a continuous supply of 
cuttings, whilst the rest are given a light pruning when 
ready and subsequently brought into plucking. Pru- 
nings also provide useful material for the taking of 
cuttings. 


At the end of a year’s plucking, a certain number 
of undesirable clones such as very poor branching 
types, low yielders and those susceptible to pests and 
diseases are rejected. All promising clones should 
now be tested for quality to weed out all poor quality 
clones. At the end of one cycle sucha test plot is 
almost certain to produce some outstanding clones. 


Manuring of Test Plots, The plants in the 
plots are manured and forked lightly preferably twice 
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a year during suitable weather conditions with a 
mixture made up as follows :— 


Lbs. Nitrogen Phos. Acid Potash. 
lbs. Ibs. lbs. 


SULPHATE OF AMMONIA I00 20.6 - - 


SAPHOS PHOSPHATE 50 - 14.75 - 
MURIATE OF POTASH 50% 30 - - 15.0 
Lbs. 180 20.6 14.75 15.0 


— nel 


Dose. The dosage may be varied with age from 
planting according to some such scheme as shown 
below :— 


Years from planting Rate of Application. 
Lbs. per acre per annum. 
Up To I YEAR 180 lbs. 
I TO 2 YEARS 270 
2 TO 3 YEARS 360° 3, 


It is essential that each plant is given approxi- 
mately the same quantity of manure at the time of 
application. 


Records. The maintenance of records is essen- 
tial if success is to be achieved. These need not be 
elaborate, but should be as simple as possible. It is 
necessary to maintain detailed recordings such as 
date of selectionof mother trees, date of planting, 
rooting percentage, date of centering rate of growth 
etc. Specimen sheets to serve as as a guide are given 
on pages 140 and 141. 


oO oN 
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SELECTION RECORDS. 


Date of Selection. 

Field No. 

Location. 

Reasons for selection. 

Short description of the selected bush. 


NURSERY RECORDS. 


Date of Number of 
Propagation Cuttings. 


% Rooted. 


MULTIPLICATION PLOTS RECORDS. 


General Records. 


Is 


SS PS 


Date of Manuring. 

Details of Manure Applied. 
Rate of application. 
Which row forked. 

Date Green Manure sown. 
Any other details. 
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YIELD RECORDS. 


Monthly Yields 
Clone i A ; 
Number ‘ : ma mye nnua 
ei al sl) e ze} e/2]/ 8/8131 2 Yield 
2:2 /2/Sl2 2/2) 218] sl e] a) ~ 


Clone Records. 


1. Clone No. 
2. Position in Plot. 
3. Date selected. 
4, Reasons for selection. 
5. Rooting percentage in Nursery. 
6. Date of planting in field. 
7, Date of centering. 
8, Date of Pruning. 
9. Date of Plucking. 
10. If cases of deaths occurred, cause of death if 
known. 
11. General description of clone:— Branching 


habit, Rate of Growth, Vigour, Resistance to 
Blister Blight, Drought etc. 


References. 
The Tea Quarterly Vol. XVIII Part III Dec. 1946. 
Kehl F. H. The Tea Quarterly Vol. XXI Part I Mar. 1950. 


” CHAPTER IX. 
MANURING OF YOUNG SUPPLIES 


‘ 


Having considered in some detail all methods of 
propagating Tea, we shall now proceed to examine 
in this and subsequent chapters all other works con- 
nected with the bringing up of the young supplies to 
maturity and bearing. 


Careful and adequate manuring is very necessary 
in the early stages for quick and vigorous development. 
The nutrients essential for the economic growth of 
Tea are (a) Nitrogen (b) Phosphoric Acid and 
(c) Potash. 


Nitrogen. Nitrogen stimulates the vegetative 
portions of plants such as leaves and stems. When 
available in sufficient quantities, it gives the character- 
istic green colour to plants, and if present in abund- 
ance produces rapid growth. It has thus not only a 
direct influence on the production of flush, but is also 
essential for building up a generally healthy, vigorous 
and vital bush. Nitrogen deficiency is indicated by 
yellowing and browning of the green portions; nitrogen 
deficiency causes the plant to transpose some of the 
nitrogen from the lower leaves to the upper growing 
leaves. In immature Tea, root development and 
formation of wood are considerations of greater import- 
ance than the growth of foliage, and hence Manure 
Mixtures for young tea should contain more of Phos- 
phoric Acid and Potash than Nitrogen. 


__ Phosphoric Acid. The presence of phosphoric 
acid stimulates root growth and the reproduction 


4 
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processes of plants. It is therefore important in 
getting a plant started well in the soil, and in the form- 
ation of fruit and seed. Because of its importance 
in new life, the greatest concentration of phosphorus 
is found in the seed and fruit portions, although this 
element is an essential part of every growing cell. 
Phosphorus deficiency is characterized by the stunted 
appearance of plants which then contain an accumula- 
tion of nitrogen-free compounds such as sugar and. 
starches. Normally in manure mixtures for young tea 
the proportion of Phosphoric Acid to Nitrogen is in 


- the ratio of 2: 1. 


Potash. Potash increases the vigour of plants 
and produces stronger and stiffer stalks. It is essent- 
ial for many of the metabolic processes in the plant 
such as the formation of starches, sugars and carbohy- 
drates. Potash also increases the resistance of plants 
to pests and diseases as well as drought. Potash 
deficiency is characterised by marginal scorching of 
the leaves which is due to the plant’s inability to 
transfer synthetized materials from one part to the 


other where these products are needed for proper 


development. 


While itis true that potash is present in fair 
quantities in most Ceylon Soils, most of it is contained 
in rather insoluble silicates. The soluble portion 
appears to have been lost through lixiviation and 
through intensive cropping. In order to counteract 
and balance any potash deficiency and at the same 
time to give the young plant the necessary nutrient to 
make for the formation of strong and healthy wood, 
the proportion of potash in manure mixtures for 
young tea is also the same as Phosphoric Acid. 


For the reasons adduced here, it has been found 
that the most suitable ratio of Nitrogen, Phosphoric 
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Acid and Potash in Manure Mixtures for young tea 
is 1: 2: 2. 


It must be remembered that the root system of 
young tea is not wide and therefore the manure 
should be applied only a few inches away from the 
stem and lightly forked in. As the roots of the plant 
develop, application of manure could be spread out 
further away from the stem and forked in more 
deeply. 


MANURE MIXTURES SUITABLE FOR YOUNG 
TEA. 


Mixture No. 1 (Inorganic). The following 
mixture is recommended by the Tea Research Insti- 
tute of Ceylon and is known as T. R. I. 180 or T. R. I. 
175 Mixture according to the strength of the Muriate 
of Potash used. 


T. R. I. 180 Mixture. N: P: K Ratio 
SULPHATE OF AMMONIA (20.6% N) 100 Ibs. 2 N 
SaPHOs PHOSPHATE (29.5% P) 50 ,, 1.5 P 
MURIATE OF PoTAsH (50.0% K) 30 » 15 K 

78D 7 


If 60% K Muriate of Potash is to be used, then 
the 30 lbs. quoted above will be reduced to 25, the 
mixture then becoming T. R. I. 175. 


In the first year in the field and with an average 
rate of growth, the plants should receive two equal 
doses of } ounce each of the mixture applied at an 
interval of 6 months. Subsequent doses should be 
increased in accordance with the age of the plants as 
follows:— 


Size of each 4 yearly dose 
FIRST YEAR 4 ounce per plant 
SECOND YEAR 3 
THIRD YEAR I 


” ” ” 


a EEE a 
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Where, however, there is very rapid growth, such 

as may be expected from high yielding clones, then it 

* will probably be advisable to increase the application 
rate by 50 per cent. 


On no account should the mixture touch the 
stems, and a space of several inches is desirable. A 
very light scuffling is required. 


Mixture No. 2 (Inorganic). 


N: P: K Ratio 
SULPHATE OF AMMONIA (20.6% N) 100 Ibs, 1 N 
SAPHOS PHOSPHATE (29.5% P) 145 5, 7 Net 
MuriaTeE OF PoTasH (60.0% K) ets eee 8 


315» 


This mixture is particularly suitable in areas 
where there is good reason to believe that there is a 
natural deficiency of Potash in the soil. The quantity 
to be applied per acre will depend on the total number » 
of plants per acre and may be calculated on the basis 
of the T. R. I. 180 Mixture shown above. Two half 
yearly doses according to the age of the plants should 
be applied until they come into plucking. 


Mixture No. 3 (Inorganic). 
N: P: K Ratio 


SULPHATE OF AMMONIA (20.6% N) 33 parts I 

SAPHOS PHOSPHATE (29.5% P) 450% 2 

MuRIATE OF PoTAsH (60.0% K) a 2 
100. 7;; 


Mixture No. 4 with a suitable organic ingredient. 


ANIMAL MEAL (7.0% N) 50 parts Mixture Contains!- 

SULPHATE OF AMMONIA (20.6% N) Io ,, 5.43% Nitrogen 

SaPHos PHOSPHATE (29.5% P) 22 » 11.02% Phos, Acid 

MURIATE OF POTASH (60.0% K) 18 ,, 10.80% Potash 
TOO Un 


N: P: K Ratio as near as possible 1: 2: 2 
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Rates of application for mixtures No. 3 and No. 
4 would be approximately as follows :-— 


FIRST YEAR 4 250 lb. per acre 
SECOND YEAR ¥ 450 |b. per acre 
OVER TWO YEARS IN THE FIELD .. 450 lb. per acre 


The dose per plant would depend, of course, on 
the number of plants to the acre. With the modern 
relatively closer planting system, the doses would 
approximately be as follows :— 


ABOUT 3 MONTHS AFTER PLANTING 3 oz. per plant, 
oe eG, ok 9 3 <0. aa ee 
wo 1 TEER * . iP Si 
* IZ YEARS ,, oe dl ff oe 
” 2 ” ” ‘ es 14 ” ” 


THEREAFTER I} 0Z, PER PLANT EVERY 6 MONTHS UNTIL 
THE FIELD IS BROUGHT INTO PLUCKING. 


The issue of suitable measures (cut down 
cigarette tins) to manuring labourers is essential to 
ensure even distribution to all the young plants. 


CHAPTER X. 


THE PRINCIPLES & METHODS OF 
BRINGING YOUNG PLANTS INTO BEARING 


A young Tea plant if permitted to grow un- 
checked will develop into a tree, and in order to 
maintain it in a suitable shape and size in conformity 
with economic demands, it has to be trained from its 
early life to develop into a spreading bush. For ease 
of plucking, the bush must not be permitted to attain 
a greater height than necessary. 


CENTERING OR TOPPING. ‘These terms are 
used to denote the first operation in a series of 
prunings designed to make the plant throw lateral 
branches which willeventually form the framework 
on which the future plucking table is established. 
This first cut which is made 2 or 3 inches from 
ground level must be made as low as possible and 
may be performed with a knife or preferably with a 
pair of secateurs. With the latter it is possible to 
make a perfectly clean cut leaving a thin portion of 
the bark which could be made to serve as a connect- 
ing link between the root system and foliage so that 
the plant can still continue to draw the energy 
necessary for converting plant food in the soil into 
suitable forms such as sugars, proteins, starch, 
carbohydrates etc. for assimilation until such time as 
new shoots have been formed when the partially 
severed stem could be completely removed. Consid- 
erable care and close supervision is necessary for this 
important operation because any damage or mistakes 
carelessly made cannot be rectified, and subsequent 
prunings cannot be of much benefit to the bush. 
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The stem must not be wounded and the bark should 
remain undamaged to prevent stem rot. 


Seedlings. When the seedlings are planted with 
their main stems intact, they are allowed to grow for 
2 years before centering is done. At this age the 
seedling will have developed a stem of pencil 
thickness. ‘The cut must be made clean and ata 
height of not more than 3 inches above ground level. 
High centering induces the plant to throw branches 
at a higher level and gives the bush an unduly high 
frame and in later years if a Down-Prune becomes 
necessary this has to be done at the expense of spread 
whereby the size of the frame is considerably reduced. 
High centering also produces shoots having a 
tendency to grow at a steeper angle whereas the 
lower cut makes for spread which is the main purpose 
of this first operation. 


Stumps. Stumps, when they are first planted 
in the field, have already had a year’s growth or more 
in the Nursery and have been topped at 2 or 3 inches 
above the nursery level at the time of transplanting. 
These plants, therefore, should be permitted to grow 
for a further year during which period several lateral 
branches will have been formed and when these have 
matured to about 3” thickness, the time may be 
considered opportune for the first Up Prune at 6”. 


Clonal Plants. In order to decide whether a 
plant is ready for cutting back or not, the growth 
rather than the age should be the guide when dealing 
with clonal plants. Different clones grow at different 
rates some being vigorous growers while some are 
slow. The former obviously require cutting back 
earlier than the latter. Once a plant has attained a 
height of about 10 inches and carries about 8 to 10 
leaves it can be considered ready for the centering 
operation which is best done in the nursery. 
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The first cut is made as low as feasible so as to 
leave 3 or 4 leaves below the cut. ‘ 


The best tool for centering is a pair of secateurs. 
A sharp knife may be used but the risk of disturbing 
the roots is considerable. 


The idea behind leaving leaves below the cut is to 
‘ensure the continued manufacture of food for the 
plant. Unlike a seedling, a plant propagated as a 
cutting has hardly any food reserves till it is about 
18 months old and hence complete removal of all 
foliage will probably prove fatal. 


Delay in the intial centering results in the 
mature basal leaves falling off, thereby causing the 
cut to be made higher and thus defeating the aim of 
centering. Furthermore, by centering early the risk 
of wood rotting organisms entering through the cut 
is almost entirely eliminated since only a small cut 
is made. 


Most clones will throw out laterals after the first 
cut though a few will continue to grow up into a single 
stem. In the case of the latter the new growth should 
be nipped an inch or two above the previous cut. H, 
however, this second cut does not force out laterals 
the clone is best discarded as the resulting plant will 
turn out to be a poor brancher with little spread. 


Centering, however, has inherent disadvantages, 
firstly that a considerable amount of growth is lost 
unnecessarily—a wastage of energy which might have 
been used to better advantage in thickening the 
frame—and secondly that a cut low down on the main 
stem inevitably renders it liable to the entry and 
development of wood-rotting fungi, since naturally the 
greater the thickness of the wood, the longer is the 
time required for it to callus over completely. 
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To overcome these disadvantages three other 
methods are commended for trial namely :— 


(a) Thumbnail Pruning 
(b) Pegging down, and 
(c) Layering 


All of the above methods are equally applicable 
to vegetatively propagated plants and seedlings. In 
these methods the knife is not used at all so that none 
of the losses normally associated with the centering 
of young plants, especially in dry zones need be 
expected. 


Thumb-nail Pruning. As its name implies this 
method involves typically the breaking off of the tips 
of the young shoots, or at the most a cut into wood 
of thin pencil size. It is open to several variations as 
follows :— 


(1) The tips of the young plants are pinched off 
at 3, 6, and 9 months typically at 4”, 6” and 8”. The 
bushes are then either rested for the next 2 years 
or so to allow the frames to thicken up or the 
‘pinching off” process may continue—this of course 
amounting to a light pluck, from which purely 
nominal yields are obtained. In the Kandy district 
where this system finds favour the bushes are ready 
for a cut-across in about 3 years. A slight variation 
of this method involves only one thumb-nail prune at 
18", when the bushes are 24” high. This represents a 
. considerable saving in labour, and appears to give 
comparable results. 


(2) The other main variation involves « pinch- 
ing-off” the tips of the plants at abouta year old, 
taking care to leave 4 to 5 leaves, and when the 
plants are about two years old, another centering is 


given at about 14”, and at 2+ years, the bushes are 
ready for tipping. 
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The “Thumb-nail” pruning method is the one 
that should be adopted when making a preliminary 
selection of V. P. clones, since only by this system 
can the natural branching characteristics of each 
individual clone be assessed. Should it be desirable 
to retain poor branching clones or, should some 
seedlings fail to respond to ‘thumb-nail” pruning, 
‘¢bending-over” usually produces the desired results. 


“Pegging Down” Method. This method as its 
name implies, consists merely of bending over and 
pegging down the young shoots when they reach 
about pencil thickness; any desired shape of bush can 
be produced, and the plucking table being eventually 
formed merely by tipping the numerous vertical 
shoots which develop at the required height. The 
growth of new shoots coming this way is abundant 
and phenomenally rapid which isa factor of great 
importance in V. P. multiplication plots. If care is 
taken to get the stems absolutely flat on the ground 
and not “looped”, the new shoots definitely tend to 
concentrate at or very near the collar. The next step 
is a cut-across prune at 24 to 28 months at a height 
of about 15 inches, and the bushes are brought into 
bearing in about 30 months. | 


Layering. This method is also essentially 
similar to the ‘‘Pegging Down” method, except that 
the branches are bent down and covered with earth 
for several inches. In order to achieve the best results, 
it ig desirable to trench the ground before planting— 
alternatively the ground near the point of layering 
must be well dug. The mass of roots and branches 
which develop as a result of this method is dense 
and their effect is seen to perfection on steep hillsides 
where, if trained along the contour, they form an 
almost impenetrable barrier against soil erosion, and 
well defined terraces are built up ina matter of two 
or three years. 
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The young plants are bent over when they reach 
pencil thickness at about a year or 18 months. 
The bark on the underside at the point of layering 
should be scraped so as to stimulate root growth, and 
the ground lightly forked; the layered stem or branch 
is then covered with earth for several inches and held 
down bya forked stick or two cross sticks. If this 
is done correctly, a very rapid growth of new shoots 
is induced along the stem, and a dense subsidiary 
root system at the point of layering develops rapidly. 
The intention is not, however, to produce a separate 
plant, and therefore the portion beyond the point of 
layering should on no account be cut off, as it will 
not develop properly as a separate entity. 


At the next stage, 6 months later, there is a 
choice of two operations—either a low cut across or 
preferably a second layering which also forms a 
continuous mass of shoots and helps to increase the 
lateral spread. 


The final stage occurs at about 28 months when 
the bushes are ready to receive either at 10” inches, 
or alternatively they may be merely tipped at 12” to 
15", At about 30 months they are brought into 


plucking and by that time the shoots developed by 


layering would have thickened into a good sturdy 
frame. 


This method is applicable to a wide range of 
low-country conditions, but as mentioned earlier, it is 
pre-eminent on steep slopes where the hedge type of 
formation produced forms such an impenetrable 
barrier to soil erosion that a series of terraces are 
formed ina remarkable short Space of time. 
Reference: 


Walter T. E. 


pe ’The Tea Quarterly"' Vol. XXIII Part It, Vol. XXIV Parts 


So 


CHAPTER XI. 
PRUNING 


LEAVES AND THEIR FUNCTIONS. As every 
type of pruning entails removal of large quantities of 
leaves, it is necessary to study briefly the functions 
of leaves in order to appreciate the full effects of such 
treatment. Leaves may be considered to be the 
most important organs of the Tea plant because 
without them it cannot survive indefinitely and will 
be overtaken by certain death. In addition to their 
ordinary functions of aiding moisture transpiration 
and absorption of carbonic acid gas from the 
atmosphere, leaves act as the agency by which the 
plant converts nutrients from the soil and air into 
food suitable for plant growth. Manure and water in 
the soil and carbonic acid gas from the atmosphere 
cannot be absorbed by the plant in the form in which 
they are found. The plant requires power and. 
energy to convert these raw materials into suitable 
forms such as sugars, proteins, starch, carbohydrates, 
etc, for assimilation as food. The leaves obtain all 
the energy necessary for this purpose from the sun 
through the medium of light and heat. Without 
leaves, the energy from the sun and raw materials of 
food, however rich and elaborate, will be absolutely 
useless to the plant as these cannot be absorbed and 
assimilated in their raw state. The complicated 
process of manufacturing sugars, proteins, starches, 
carbohydrates etc., from the raw materials is accom- 
plished by the leaves. It will be seen therefore how 
important are the functions of the foliage of the tea 
plant. 


When pruning is done in a manner entailing 
complete removal of all foliage, it is obvious that the 
bush is temporarily deprived of its important organs 
which are responsible for plant food manufacture, 
and until a new growth of leaf is available, the bush 
is incapable of using either the nutrients from the 
soil or the energy of the sun. But to maintain life 
and to grow new foliage with which to make food 
again, the bush needs adequate food reserves which 
are usually stored in its root system in the form of 
starches, sugars etc., when conditions of growth and 
treatment permit the bush to build up such reserves. 
Hard plucking, inadequate manuring, low elevations 
with higher ruling temperatures are unfavourable 
conditions under which the plant or bush either ekes 
out an existence or deteriorates, andshas very little 
chance of building any food reserves to meet emer- 
gencies such as pruning or Blister Blight. Given 
good conditions such as high elevations with colder 
climate and slower growth, good plucking standards 
and adequate nourishment, the bush stores up in its 
root system food which is over and above its require- 
ments from which it can draw in times of emergency. 
The absence of these food reserves is quite immaterial 
when the bush is in the complete possession of its head 
of foliage, but when denuded of its leaves, it has very 
little chance of recovery and death often results. 


To avoid casualties after pruning, therefore, 
these points must be remembered and in the low 
country and medium elevations and in places where 
drought conditions are severe and food reserves in 
the bushes can be expected to be nothing more than 
scanty, pruning must be performed in such a manner 
as to leave sufficient foliage to enable the leaves to 
continue their functions to manufacture food for the 
bush until a new canopy of foliage has been 
established. This will not only allow a wide margin 
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of safety, but it helps the bush to recover faster and 


to produce a rapid and vigorous growth of new 
foliage. 


Bearing the importance of foliage in mind, we 
shall now proceed to outline the various types of 
pruning commonly practised in Ceylon and their 
purpose. After the bush has been plucked contin- 
uously in weekly to fortnightly rounds according 
to elevation for periods varying from one and a half 
years in the Low Country to four years in the highest 
Up-Country districts, it begins to lose its vigour. It 
ceases thereafter to throw up new shoots freely, or 
flush as it is technically termed, owing to the large 
amount of wood and leaf that have been formed 
since it was last pruned there being but a limited and 
restricted flow of sap for nourishment and further 
growth. If, however, the superfluous wood and leaf 
are removed by pruning, it regains its vigour and 
proceeds to put on a fresh head of foliage. 


To ensure annual crops being produced more or 
less evenly, it is advisable to arrange for the acreage 
to be pruned every year to be the same as nearly 
practicable. For this purpose it is usual to draw up 
a Pruning Programme some years ahead which can 
always be altered if special circumstances arise that 
call for change. 


The best time for pruning depends on local 
weather conditions, and therefore varies from district 
to district. It is not advisable to prune tea during 
very dry weather, and in districts where severe winds 
are experienced during the S. W. monsoon, pruning 
of exposed fields should be timed so that the new 
growth is well advanced before the wind starts. 


Pruning of tea is performed under the widely 
varying climatic conditions associated with different 
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elevations of the country and at all times in the year 
and in many different ways. But with whichever type 
of pruning adopted, the functions of wood and 
branches left in the frame of the bush after pruning 
must be more fully appreciated, and the urgent 
necessity of preserving an ample number of branches 
on every bush at the time of pruning is becoming 
generally recognized. In these branches the starches, 
sugars, proteids etc. formed during the growth of the 
bush before pruning are stored in the tissues of the 
wood and the new shoots thrown out after pruning 
depend thereon almost entirely for their nourishment. 
These starches sugars, proteids etc., are produced by 
the photo-synthetic action of the leaves through the 
medium of light and heat from the sun, and in order 
to ensure a full supply being stored up in the wood of 
the bush before pruning is done, a really good head of 
foliage must be maintained at all times. It is for 
this reason that the plucking of the tea bush to the 
full leaf throughout its run between prunings is 
advocated and the importance of which is dealt with 
in the chapter on Plucking. 


The starch stored in the wood cells just below a 
cut surface is transformed after pruning into a gum- 
like substance. This seals the cells and at the same 
time callus formation takes place, which, it has been 
proved occurs only at times of active growth. Cut 
surfaces thus sealed are protected against the entry of 
fungus spores and disease germs generally, even 
though the layer of callus has not completely covered 
the cut. This fact explains why pruning cuts once 
circled by a ring of callus do not decay, although com- 
plete healing may not be secured for many years, 


The conditions essential for satisfactory recovery 
after pruning are firstly a full supply of starch must 
be available and secondly growth after pruning must 
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be active. The necessary supply of starch can alone 
be secured by leaving an ample amount of wood on 
the bush after pruning. Growth can be stimulated 
by the application of a suitable artificial manure 
mixture either just before or immediately after pruning 
so that the secretion of the necessary gum-like sub- 
stance may proceed and be followed by the formation 
of callus over the pruned cuts. 


The ideal method of pruning would of course be 
to prune each bush and indeed each branch strictly 
on its merits and for every cut to be made just above 
anode. Though this might be possible on‘a small 
scale as in horticulture it is not a practical proposition 
with regard to the pruning of large areas of tea ata 
reasonable cost with more or less unskilled labour, 
and so long as a fair standard of work is secured by 
efficient supervision, it is all that is necessary or that 
can be expected. For the guidance of the pruner, a 
few. simple and definite instructions should be given 
as to the particular style of work required and where 
any special treatment is found to be necessary, it is 
advisable to- follow the main pruning gang with a 
small number of expert and intelligent men specially 
trained to carry out a secondary pruning. 


It is of primary importance that pruning must be 
performed to an exact level and pruning of each 
branch must be carried out accordingly. The tools 
used in the pruning of tea are knives and hand saws 
_of many sizes and shapes some of which are better 
adapted to special purposes than others. Where 
heavy cutting has to be done the workers should be 
provided with handsaws as wellas knives so that all 
thick branches may be sawn through carefully and 
not hacked off with the knife which will tend to split 
the wood and result in die-back. Knives must be 
kept well sharpened for it is important that all cuts 
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should be clean and devoid of jagged edges. When a 
thick branch has been sawn through, the surface of 
the cut should be sloped and smoothed over by 
shaving it with a sharp knife in order to permit rain 
water running off it in wet weather, for if water 
should lodge in the serrations made by the teeth of 
the saw, it is apt to hasten decay of the wood in the 
stump that is left. 


Cuts should be as short as possible, round and 
neat and made at an angle not steeper than 30°, and 
should be sloped outwards from the centre of the bush. 


It is always advisable to prune tea while it is still 
vigorous rather than to allow it to carry on until 
completely run out for the bush is then so reduced in 
vitality that it recovers much less quickly and not so 
uniformly as when pruned while it is still in good 
heart. Pruning is normally done as task work, each 
worker being required to finish daily a given number 
of bushes which varies in accordance with the size, 
jat and number of bushes per acre, the style of work 
and type of pruning required, and the lie of the land, 
for where this is steep some reduction in the task 
should be allowed. 


The cost of pruning varies greatly and like the 
set task depends on local conditions, but it may be 
stated that money spent on doing good and careful 
work is well laid out particularly in the higher 
elevations where several years intervene between 
prunings and that any attempt to save a rupee or 


two per acre by cheap work is, more often than not, 
false economy. 


The different methods of pruning the Tea bush 
may be described broadly as follows :— 
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1. Topping and Centering. 

2. Up-pruning and Cutting Across. 
3. Down-pruning. 

4. Collar-pruning. 


Topping and Centering. These terms are used 
to describe the first application of the knife to young 
plants that have been established in a new clearing, 
or as supplies in older fields, the object being to 
produce bushes with artificially wide spreading 
frames from which shoots will be subsequently thrown 
up to form the plucking surface. The actual 
operation of topping and centering young tea may 
be: described as cutting down the centre stem or 
stems to not more then 3” above ground level, and 
cleaning out any cross growth and whippy shoots. 
Side branches, if any, should NOT be touched unless 
they tend to trail on the ground when they should be 
shortened back into red wood. By thus checking 
the growth from the centre of the plant, where it is 
always most vigorous and rapid, the flow of sap is 
diverted to the sides and helps to secure the wide 
frame that is required to furnish the future plucking 
area. Inthe early stages in the life of a tea bush, the: 
greater its spread, the better it will be. In districts 
where the young plants are exposed to strong winds, 
it may be necessary to centre them annually or to run 
the risk of losing a number of them through “ringing” 
which is the term used to describe the wearing away 
of the bark at the base of the plant, caused by the 
swaying movement of the stem against the ground in 
a high wind, whereby the circulation of sap is stopped 
and the plant, in consequence, dies. This is a real 
danger in some wind swept districts and can only be 
avoided by centering all top-heavy plants well in 
advance of the break of the Monsoon. When the 
young bushes have filled out and attained an overall 
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width of 20” to 24” ata height of 18” to 20” above 
the ground they may be lightly plucked until the 
first regular pruning becomes necessary after which 
they can be brought into bearing. It is important 
that all undersized bushes should be allowed to 
develop unplucked until the requisite spread is 
attained, for if taken into bearing prematurely, they 
seldom fill out well or make satisfactory frames. 
Neglect to take this precaution makes fields of tea 
very uneven in appearance. All modern aspects of 
centering are fully discussed in the preceding Chapter 
under the heading “The Principles and Methods of 
Bringing Young Plants into Bearing ”’. 


Up-pruning. By this term is meant the 
process of pruning the plants ata higher level at 
every pruning until the bushis brought to plucking 

. and afterwards until such time as it becomes 
necessary to control the height of the bush by 
pruning it downwards, 


Under good conditions of growth, the first Up- 
ing of the plant may be done after a year from 
topping, and it will be necessary to treat each 
according to its individual merits. The 
imum height at which this may be done is 6 to 9 
inches above ground level which leaves a considerable 
amount of foliage on the bush to sustain it and 
maintain its vigour. All low spreading branches 
must be carefully left out irrespective of size and 
- should these be thin they should be left to thicken. 
Side branches should not be touched. There is no 
hard and fast rule as tothe number of prunings 
which will be necessary before the bush can be 
brought to plucking. But normally under satis- 
factory conditions a further 2 Up-prunings at 10 and 
14 inches at 12 or 18 months intervals may be 
performed and the bushes tipped at 18” and brought 
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into bearing in 3} to 4 years. During these series of 
Up-prunings, the growth of the side branches must 
be encouraged and not cut down or reduced so that 
they will contribute greatly to the size of the 
plucking table. : 


During the preliminary up-prunings, no wood, 
however weak or thin must be removed from the 
centre or middle of the bush. They should be permitted 
to grow and thicken. In this connection it must be 
noted that the growth of flush is most vigorous at the 
centre of the bush and if central stems and branches 
are entirely removed for any reason at the early 
stages, then the bush is deprived of the very means 
of its later usefulness. Removal of wood in the 
middle of the framework at this stage is strongly to 
_be deprecated as it enhances risk of branch canker 
and wood rot resulting in thin and weak wood carrying 
fewer plucking points. Moreover, poor yields result- 
ing from careless and wanton removal of central 
branches at the early stages cannot be rectified 
because the plant can never replace wood with the 
same ease with which it can be removed. some 
removal of cross growths and brush wood from the 
centre may be done with care and under supervision, 
The care taken to leave a sufficient number of branches 
‘nthe frame of every bush to supply the store of 
starches, sugars, proteids etc. required for the 
development of new shoots and leaves will be amply 
repaid. Recovery will be faster and growth of new 
foliage will be thick and vigorous. 


Down-Pruning. Where in the course of years, 
successive up-prunings have so increased the height 
of the frames of tea bushes that they are difficult to 
pluck when in full leaf and where the branches have 
formed so many snags and knots that the free circula- 
tion of the sap is impeded, down-pruning becomes 
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necessary. This operation unfortunately has the 
tendency to reduce the size of the spread as well. To 
avoid this, it is advisable to leave off side branches 
during pruning and cut them down to tipping level 
when the time comes for tipping. If this is done the 
spread of the bush will not suffer unduly. 


In the old days, heavy cutting down with saws 
was resorted to when down-pruning. This practice 
invariably resulted in slow healing of bark and bushes 
suffered from branch canker and wood rot to such an 
alarming extent that this practice gradually fell into 
disuse and gave way toa sytsem of down-pruning 
guided by common sense and ordinary judgment by 
which the bushes are pruned ata level below bad 
knots and only diseased, decayed and useless wood fs 
removed. This treatment is greatly conducive to the 
early establishment of a healthy frame of new wood 
without much reduction in the spread of the bush. 


Heavy cutting, where necessary, must be done 
with saws and the cuts only trimmed with the knife 
afterwards, and any hacking of thick branches with 
knives must be ‘strictly prohibited as it results in 
splitting of the wood and permits the entrance of 
saprophytic fungi which cause decay of the branches. 
The work should be carried out by selected pruners 
with a certain amount of intelligence and experience. 


It has been proved that the effects of drastic 
down pruning can be remedied to a considerable 
extent by the application just before pruning of an 
artificial manure mixture containing a high percentage 
of nitrogen. This has the effect of stimulating the 
growth of callus over the cuts and results in many of 
them healing up completely. 


Cut Across Pruning. This term is used to 
describe the form of light pruning by which the bush 
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is cut to the same level as the previous pruning or to 
a level varying from 3” to 3” above the last pruning 
cut. Little or no cleaning out of the brush wood and 
cross growth is done with this type of pruning. When 
tea is well manured and pruned at frequent intervals, 
satisfactory results are secured by this method, 
especially in the low country. At higher elevations, 
however, it is not generally practised for experience 
proves that the formation of seed and banji leaf is 
encouraged to the detriment of yield. When, however, 
it is desired for some reason to make a change ina 
pruning programme involving the running of a field or 
fields for some time longer than usual, a cut across 
will enable this to be done at small cost and without 
any adverse effect on the bushes. 


Cut across pruning in Ceylon is done rather low 
whereas in other tea growing countries such as India 
and Java, pruning height would vary between 20 and 
94 inches according to the size of the bush. Nothing 
ig removed below the pruning level except decaying 
and diseased wood. When this operation is correctly 
performed, there will remain approximately 200 to 
300 leaves on the bush. Tea pruned in this manner 
will take sixty to seventy days to return to tipping, 
and plucking in ninety days. 


As already mentioned, this type of pruning is 
best suited to the low and mid country elevations 
where light treatment of bushes is necessary to 
prevent a high percentage of casualties after pruning. 
The shorter intervals between pruning cycles, and the 
more frequent removal of wood and foliage necessitates 
the adoption of a generous manuring programme with 
application of liberal doses of manure at frequent 
intervals to help the bushes to recover quickly from 
the effects of pruning and to give high yields during 
the comparatively shorter pruning cycles, In 


ar,’ 


* 


Bical 


( 164 ) ss 

€t 
elevations of 3000’ and above the tea bushes can run 
a longer cycle than at lower elevations and cut across 
pruning is therefore not adopted as it would be quite 
uneconomic. 


Clean Pruning. With this type of pruning the 
main healthy branches which form the frame of the 
bush are cut down to a level of about 18 inches above 
the collar as determined according to the size of the 
bush. Where growth is poor, the height of the bushes 
after clean pruning may be lower. All plucking 
knots, greater part of the smaller shoots, dead and 
decaying wood and twisted branches are all removed, 
leaving a fringe of small branches around the frame. 
Where conditions of growth, soil, and weather are 


less favourable, the low spreading and side branches | 


are left unpruned until tipping time when they are 
cut down to tipping level. 


When a hard clean prune is performed, more 
small shoots are removed from the bush. This type 
of pruning is done in high elevations generally over 
3000 feet where the bushes are in better condition to 
withstand such severe treatment. Bushes in such 
high elevations have ample reserves of starch, sugars, 
proteids and. carbohydrates in their root system and 
branches so that in the absence of foliage they have 
still sufficient food reserves to sustain life of the bush 
and to build up new leaf tissues to resume manufacture 
of plant food. Clean pruning done with a fringe of 
leaves around the frame gives the bush a better and 
quicker chance of recovery. A complete clean prune 
deprives the bush of the very means by which it can 
live in the absence of depleted food reserves in the 
root system, and therefore care must be exercised in 
its adoption under conditions of climate, and soil 
which do not permit any appreciable saving or 
accumulation by the bush of carbohydrate and starch 
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reserves. At low elevations results of clean pruning 
can be quite disastrous. 


Rim Lung Pruaing. Where the condition of 
the bush makes clean pruning desirable but not 
practicable on account of elevation and climate, the 
drawbacks and severity of clean pruning are removed 
by the adoption of Rim Lung Pruning. Here, the 
middle of the bush is clean pruned at a level which 
permits removal of all plucking knots and joints and 
about six branches on the outer circumference of the 
bush are left out as “lungs” and are not cut until 
about two weeks before tipping time when they are 
trimmed to the level of the bush. With this type of 
pruning a good number of shoots are not removed, 
and the bush recovers earlier and returns to plucking 
quicker than when it is clean pruned. At least 300 
leaves can be expected to remain on the bush after it 
has been Rim Lung pruned, and these help the bush 
to build its lower canopy of foliage quickly on which 
the plucking table is vigorously built up. Die back 
and deaths are greatly minimised and all these advant- 
ages have made this type of pruning popular in low 
and medium elevations. The primary purpose of 
Rim-lung pruning is to maintain enough foliage on 
the bush after pruning to manufacture much of the 
food required by the new shoots, where it is known 
that on account of low elevation or for other reasons, 
the carbohydrate reserves of the bush are poor. 
Accordingly it is inadvisable to remove the lungs 
until after the new shoots have developed sufficiently 
to have begun manufacturing the greater portion of 
their own food requirements. 


This state of affairs is not reached until each new 
shoot carries one or two fully expanded leaves which 
corresponds with the stage at which the new growth 
is normally considered ready for tipping. Lungs 
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should therefore be left untouched until tipping time 
when they are usually cut back to the tipping level 
and subsequently plucked in at the table level. 


Too early removal of lungs may easily result in 
increased die-back since the bushes carry more new 
growth than they would otherwise have developed, 
none of which is probably manufacturing its own 
food requirements. 


Travancore Pruning. This term refers to that 
type of pruning which is done ata level of 1” above 
the tipping level, or 1” above the level at which the 
previous cut across was done. This can also be 
described as a high cut across pruning. All new wood 
is carefully left out and nothing below the pruning 
level is removed save decaying or diseased wood. 
When the pruning is completed, the height of the 
bushes may vary from 20 to 24 inches. With this 
type, a pruning cycle longer than 18 months will be 
against the interests of economy and the well being of 
the bush, and liberal doses of manure at frequent 
intervals will be necessary to aid quick replacement 
of pruned wood and foliage and to give high yields 
during the shorter pruning cycle. 


The types of pruning described above are not 
entirely different. Variations of one type lead 
imperceptibly to another type as shown .in the 
illustration on Page166. It shows that a normal clean 
pruned bush leads via a bush in which a fringe of 
small branches is left to a rim lung type of bush in 
which several large branches are left unpruned. By 
leaving the fringe and increasing the number of 
pruned points that are left within the bush, we 
proceed towards the cut across bush in which nothing 
save diseased wood is removed below the pruning 
level. If a type of pruning similar to a cut across is 
done several inches higher in the bush, about i” above 
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the tipping level of the previous cycle, the type of 
pruning which has been called “‘ Travancore”’ is 
obtained. If this is cleaned out, we reach a very 
high type of clean pruning. 


Umbrella Pruning. This type of pruning 
gets its name from the fact that it gives the bush an 
“umbrella” appearance because a complete leafy 
branch is left standing above a cut across or rim lung 
pruned bush. It is rarely seen in Ceylon at the 
present time. 


Skiff Pruning. This describes the form of high 
cut across just below the last season’s plucking marks, 


the purpose of which is either to prolong the pruning — 


cycle or to delay a rush of flush. 


Collar Pruning. This is the severest and most 
drastic type of pruning which is adopted to obtain 
an entirely new frame. When a tea bush has become 
unproductive through age, lack of cultivation, disease 
or bad treatment and presents a gnarled appearance, 
and there appears to be little scope for the formation 
of anew and satisfactory frame by means of down- 
pruning the tea bush, collar pruning may be resorted 
to on the principle that renovation or elimination are 
the only alternatives. 


Collar pruning, as the term indicates, involves 
the removal of the whole of the existing frame of the 
bush at the collar, i. e., just below ground level. As 
a result the root system only is left from which a 
completely new growth of wood must be made. 
When after due consideration it has been decided to 
collar-prune bushes or portions of a field, a liberal 
application of some suitable artificial manure mixture 
should be given a short time previously in order that 
the roots of the collar pruned bushes may have, if 
they survive the shock, a good and readily available 


( 169 ) 


supply of food to draw on directly they begin to throw 
up new shoots. Where this has been done and the 
bushes collar-pruned ata suitable time of the year, 
complete renovation of a large proportion of them 
may be hoped for. 


It is dangerous to collar-prune shortly before a 
spell of dry weather may be anticipated, and the 
appropriate time for doing this work is at the begin- 
ning of the main rainy season. In order to collar- 
prune a bush properly, the earth must be scraped 
away round the collar and the stem sawn through 
at its junction with the roots, the cut then being 
lightly covered over with earth to a depth of an inch 
or so in order to protect it from the direct rays of 
the sun. The pruning saw should be applied ata 
slight slant at the ground level and it is good practice 
to apply paraffin wax or some suitable waterproof 
material over the cut surface to assist easy run off of 
water. The serrations of the saws should be cleaned 
and smoothened by means of a pruning knife. 


In high elevations the risk this type of pruning 
entails is not so grave as it is in the low country and 


medium elevations. In high elevation, it may be 


safely assumed that sufficient reserves of food exist 
in the root system of the bush to build new tissues 
and foliage. These reserves must be ample to main- 
tain life until such time as a new growth of foliage is 
established. Where bushes are in a debilitated condi- 
tion, liberal doses of artificial manure must be applied 
at least three months prior to collar pruning. Any 
attempt to collar prune bushes with depleted food 
reserves particularly in the low country andat medium 
elevations will be met with disastrous results. 


When new growth begins to show up, every care 
must be taken to prevent workers plucking any of the 
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shoots as they will inevitably do unless watched. 
The bushes should be allowed to run until they have 
made sufficient growth to justify their being lightly 
plucked, the treatment being similar to that accorded 
to young plants in a new clearing. Generous doses of 
manure and liberal cultivation will be very necessary 
for the growth of new wood and the maintenance of 
the bushes ina vigorous condition to prevent easy 
susceptibility to disease and adverse weather condi- 
tions. 


When the next pruning of the field in which the 
collar pruned bushes are situated is done it will be 
found advisable to thin out the large number of new 
stems thrown up from the collar and to prune those 
that are left to 6or 8 inches above it. All under- 
sized bushes should be allowed to run up unplucked 
until their spread is judged to be sufficient when they 
may be taken into the plucking round. Careful 
nursing of collar pruned bushes is very essential if 
they are to be successfully renovated, and this will 
produce extraordinarily good results. 


Root-suckers. Bushes of low and sometimes 
even of medium jat throw up suckers from their roots. 
They also drop seed which germinates and comes up 
as a self-sown plant. Where this occurs it may 
become difficult to distinguish the original rows. To 
obviate such over-crowding of the soil it is usual to 
remove all surplus growths immediately after pruning, 
The space between each row of tea should then be 
cleared of all suckers and self-sown plants. Where 
however, a strong and healthy growth has come up 
from the roots for which there is ample room in the 
row, it should be pruned along with the nearest bush 
to assist in adding to or renovating its framework, 
Self-sown plants inthe rows should be dug out for 
they are seldom of any but poor jat, and asa rule 
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there cannot be space available for their proper 
development. 


When digging out root-suckers and self-sown 
plants, care must be taken not to disturb or damage 
more than absolutely necessary the root system of 
the permanent bushes. For this reason a quintannie 
is preferable to a mamoty as the tool for this work. 


Die back after pruning. It is common ex- 
perience everywhere to see branches dying back after 
pruning. This is more marked in low and medium 
elevations than in estates situated in high elevations. 
When weather conditions are severe, and prolonged 
drought accompanied by dry winds occurs, death of 
‘entire bushes takes place. Clean pruning gives 
rise to more die-back than rim lung or cut across 
pruning, and both climatic conditions and the 
condition of the bush itself contribute to this. It is 
a well known fact that each branch of a bush is 
served by a particular bunch of feeding roots in the 
root system, and if these roots have little or no food 
reserves to sustain the branch which they serve, and 
also help towards the growth of new foilage, then 
die-back results. In. areas where die-back has been 
experienced in the past, the pruning adopted must be 
light in character and the bushes must be encouraged 
to grow vigorously by application of liberal doses of 
artificial manures at frequent intervals. Die-back 
can be avoided if an adequate number of leaves are 
left on the bush when pruned so that any deficiency 
or absence of food reserves in the root system can be 
made good by the leaves which will contiune to 
manufacture food necessary for the requirements of 
the bush untila new canopy of foliage has been 
established. However, every year deaths will occur 
due to pruning and other causes, and a regular 
programme of supplying vacancies must be. adopted 
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annually to maintain the stand of bushes per acre at 
the original maximum. 


General. Tea cannot be left unpruned indef- 
initely and yet remain commercially workable. 
When the bush has reached the end of its pruning 
cycle, the length of which depends on the type of 
pruning adopted, the leaves become smaller and they 
are more and more difficult to gather and flowers 
and seeds are produced at the expense of leaf. A tea 
bush generally shows a need for pruning by producing 


a large proportion of banji shoots on account of | 


which reason it is usual to pluck hard during the last 
few rounds before pruning is done. 


There is opinion which favours resting of bushes 
before pruning is done. But when we consider a 
bush at the end of its cycle, any rest given to the 
bush at this time will only enhance top growth of 
foliage at the expense of any carbohydrate reserves 
that may be stored in the roots. If such reserves 
were completely depleted in the more vigorous 
growth of an upper canopy of foliage which will be 
removed in the course of pruning, then resting defeats 
any useful purpose which it was intended to serve. 
It would certainly be a better practice to prune the 
bushas soon as it has completed its pruning cycle and 
permit the reserves of food available in its root system 
to help the growth of a good lower canopy of foliage 
which in turn will give rise to an upper canopy 
forming the plucking table of the bush. 
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CHAPTER XII. 
TIPPING AND PLUCKING 


TIPPING. By Tipping is meant the first and 
several subsequent rounds of plucking done after the 
tea bush has recovered from pruning and put on new 
foliage. This first growth of leaves is developed at 
the expense of the starches, sugars, proteids ete. 
formed during previous growth and stored in the older 
tissues of the wood and which correspond to the 
similar stores contained in the seed from which a 
young plant makes its first growth. As the new 
shoots and leaves are put out, the store of starches 
etc. is rapidly depleted and has to be replaced during 
subsequent growth. The period to which this new 
growth should be permitted to run before being tipped 
depends on the jat of the bush, the style of pruning 
and the rapidity of the recovery. High and medium 
jat bushes require lighter and more careful treatment 
than low or China jat, and where a cut-down has been 
done it is usual to allow the new growth to get well | 
away before tipping is started in order to ensure a 
good length of strong wood ‘being formed which will 
be the frame work of the future plucking points. 


If recovery after pruning is slow and uneven, it 
is advisable to defer tipping until growth is well 
distributed all over the frame of the bush and event- 
ually breaking back overgrown shoots to the desired 
level. This, however, should not be overdone for if 
the primary stems are allowed to harden up so much 
that the tippers cannot break them easily with their 
fingers, it necessitates the use of knives which 
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inflicts another unnecessary check to the recovery 
after pruning, and postpones the return to bearing. 


The tipping level is generally fixed at 6” to 8” 
above the central pruning cut measured along a new 
and vigorous stem growing vertically in the middle of 
the bush, and the flush on the side branches is then 
pinched off at the height so fixed in a horizontal 
plane forming the next plucking surface. The usual 
practice in estates is to instruct the tippers to tip to a 
given number of leaves above the central cut and 
then to break back the side growth to approxi- 
mately that level which is, of course, a rough and 
ready method but in practice is found to be quite 
satisfactory. 


In bushes of good or medium jat, two leaves 
above the central cut usually provide an ample length 
of wood and a sufficient number of buds on the 
primary stems to throw up agood growth of second- 
ary flush, but in low jat tea the leaves are often so 
close together on account of the shorter nodes, it may 
be necessary to leave three or even four leaves above 
the central pruning cut at the first tipping to secure 
a reasonable length of wood. When the secondary 
flush matures, a dummy or “‘fish’’ leaf will be formed 
not far above the junction of the parent leaf with the 
primary stem. This fish leaf is functionless and 
when plucking secondary or any subsequent growth, 
one whole leaf must be left above it, the bud of which 
will in due course develop into a fresh shoot drawing 


___ its nourishment from the sap elaborated in the parent 


leaf. 


Careful tipping for the first few rounds is most 


~ important if the new growth is to be given a good 


start and on it will depend the future development 
and vigour of the bush. For this reason it is usual 
to employ only a small gang of the most expert 


—--—- 
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pluckers under the supervision of a well trained 
kangany to tip tea for the first three or four rounds 
at least. They should leave untouched all backward 
and undersized bushes and where the spread does not 
warrant the tipping of such bushes, they should be 
allowed to grow until it does. Each bush should be 
treated strictly on its merits. 


Bud 


Pluck 2 leaves and bud here 


Full Leaf 
above the 
Fish Leaf 
should NOT 
be plucked 


Fish Leaf 


DIAGRAM SHOWING HOW A) 
TWO LEAVES & BUD sHOOT yi i 
\ SHOULD BE PLUCKED = = 
Fic. A 

Plucking. The operation of harvesting crop 1s 

termed “Plucking” by which is meant the removal 
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of the tender shoots of the tea bush from which tea 


is manufactured. 


The young leaf is called “flush” by tea planters 


and it is soft and succulent and is light green or light — 


yellowish in colour. If we trace the growth of flush 
from a leaf bud or from an axil, we usually see the 
leaves arranged in the following manner. First we 
see one irregularly shaped leaf commonly known as a 
‘“bract”. Above the bract is an irregularly shaped 
oval leaf having neither a definite apex nor the usual 
serrations seen in the ordinary leaf. This is called 
the “fish” leaf. The position of the fish leaf is very 
important for the purposes of plucking as it is the 
mark by which severity or otherwise of plucking is 
judged. 


Banji Leaves. When a bush is strong and 
vigorous, the growth of the shoots will be continuous 
at a rate which may vary according to its vigour. On 
the other hand if the bush is weak, while some 
branches especially those in the middle of the bush 
will continue to develop shoots at a slower rate, on 
weak and on side branches, the shoot after growing a 
few leaves will not produce fresh growth for some 
time. This condition of the shoot is known as *‘ banji” 
which word is of Assamese origin meaning sterile or 
dormant. If we closely examine the phyllotaxis 
(botanical term for the arrangement of leaves on the 
stem), we will see that the leaves are arranged spirally 
round the stem, and a series of five leaves encircle the 
stem twice. When an individual branch or the entire 
bush is weak, the growth of the leaves usually ceases 
after the completion of a series described above and 
turns *‘banji” or in other words becomes dormant. 
Unless some form of stimulus is given, this state will 
last from 8 to 10 weeks after which the bud in the 
axil gives rise to fresh growth starting from a fish leaf 


( 177 ) 


in a manner similar to that observed when the axillary 
bud develops. 


With avery strong branch from a_ bush in full 
vigour, it is possible for growth to continue without 
any definite dormant period through the greater part 
of the season. Marked dormancy and tendency to 
produce banjis would indicate the need for pruning. 


BANJHI LEAVES 


Note that there is no 
bud formed at the axil 


Banjhi should be removed 
above dotted line 


Full Jeaf above 
Fish Leaf not to 
be plucked 


DIAGRAM SHOWING 
F FORMATION OF BANJHI 
lish Leaf 


Fic. B 
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When the banji shoots are plucked, dormancy is 
checked and temporary growth is induced; but pluck- 
ing cannot completely cure the banji producing 
tendency ofa bushif it isin need of manure and 
plant food or if it is overdue for pruning. 


The distance between the leaves on a tea shoot 
varies from about half an inch in China varieties to 
about 2 inches in Assam varieties. Bushes in vigorous 
condition when growing under shade develop longer 
internodes of 3 to 4 inches in large leaf jats due to the 
natural upward struggle of all plant growth for sun- 
light. 


A close examination of the leaf bud and the 
underside of the most tender leaves of the shoot will 
reveal fine hairs covering them. In the process of 
‘rolling during manufacture, the sap expressed gives 
the buds and the very young leaves a yellowish 
appearance on drying and in the made tea these fine 
hairy parts show up yellow, and are spoken of as the 


“tip”. A tea containing much “tip” is usually | 


highly valued. When, however, plucking rounds are 
long or when pruning is overdue, tips will be less in 
quantity. 


Good Plucking and its effect on Quality. In 
order to understand the significance of good plucking 
and its material effect on the quality of the finished 
product, it will be necessary to describe briefly the 
composition of the tea leaf and its constituents which 
give Tea its intrinsic value. Tea leaf in its fresh 
state contains moisture which will be as high as 80% in 
wet weather and as low as 70% in dry weather when 
moisture transpiration is greater. Finished tea may 
have a moisture content. varying from 3% to 7% 
according to humidity. It will be readily seen there- 
fore that the solid matter remaining in the leaf will be 
around 20% to 24% of the original green weight. This 
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solid matter contains soluble and insoluble matter as 
shown below :— 


Matter soluble in water. Approximate percentage. 
~ TEA TANNIN oF 22% 
STARCH Sed 1% 
CAFFEINE a, 4% 
SUGARS 1% 


PROTEIN BODIES, [TANNIN PRODUCTS 
& SOLUBLE MINERALS 16% 


PIGMENTS 2%, 

Matter insoluble in water. 
CRUDE FIBRE 229, 
PROTEINS 18% 
CELLULOSE 13% 
RESIDUE 1% 
ToTaL 100% 


In fresh green leaf the tannin content may be 
around 22% of the solid matter, but this is reduced 
to about 10% to 12% when the leaf is manufactured. 
Most teas which are valued on account of their 
liquoring qualities owe their importance to the degree 
of tannin contained in the green leaf. Therefore it is 
of particular importance to the Tea planter to know 
all conditions which favour a high tannin content in 
the leaf and the conditions which do not. This 
knowledge will help to stress the importance of good 
plucking standards and strict adherence to regular 
plucking rounds. 


Tea Tannin. This important constituent of the 
green leaf has received close and careful study by 
scientists from very early times. If the quantity of 
tannin present in the finished product is at an optimum 
level through proper care during plucking as well as 
during manufacture, good results can be obtained. 
Without adequate knowledge on this important 
subject, the best use of the tannin in the tea cannot 
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be achieved and so poor teas are bound to result. 
Tea tannin differs from ordinary tannins and its 
properties may be briefly summarised as follows :-— 


Tea tannin is acid in character. A raw 
solution does not give a sensation of either 
pungency or astringency but tastes bitter. It 
develops pungency only after it has come in 
contact with air and oxidization has taken place. 


In the presence of air, tea tannin forms a 
series of oxidized products and as oxidization 
advances, these products become more and more 
insoluble in water and lose much of their tannic 
value. This is the reason why in made tea the 
quantity of soluble tannin is much less than that 
found in freshly plucked leaf. 


When subjected to heat, tea tannin becomes 
denser and concentrated and by the action of 
enzymes present in the leaf, it turns into a 
reddish colour. Enzymes are organic compounds 
which are capable of bringing about chemical 
changes without undergoing any change in them- 
selves during the process. 


Tight packing of leaf in plucking baskets and 
leaf transport bags is the commonest cause of leaf 
turning red. Under such conditions, the leaf 
rapidly heats up and the temperature may rise as 
high as 110° F or more. This causes the tannin 
in the leaf to condense and turn red resulting in 
reduction of the percentage of soluble tannin in 
the leaf from about 22% to about 15% by the 
time it reaches the factory, and after manufacture 
such leaf will have less than 7% soluble tannin, 
Leaf which has turned red due to damage in 
transit or other causes will produce poor teas 
with thin liquors and dull infusions, 
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It is worthy of repetition that tea leaf when 
crushed and exposed to air turns red within a short 
time and the soluble tannin in the leaf continues to 
decrease as the leaf absorbs more and more oxygen 
from the air. It will now be understood why utmost 
care is necessary to see that the leaf is neither crushed 
nor damaged during transit to the factory. 


Influence of Climate and Growth on Tannin 
Content. Having seen the importance of proper 
handling of green leaf to maintain the water soluble 
tannin content in the leaf at the highest possible 
level, we shall now proceed to examine the conditions 
of growth and climate which favour the presence of 
tannin in desirable quantities in the leaf. Best liquors 
can be only obtained from leaf which is rich in tannin; 
and on the other hand the finest teas which are valued 
for flavour have very little soluble tannin in the leaf 
because the methods necessary for the development 
of flavour lead to full oxidization with consequent 
reduction in soluble tannin. Only fresh leaf rich in 
tannin content will permit the fullest oxidization for 
development of flavour and yet leave a little water 
soluble tannin in the finished tea to give the liquor 
some point and character. Leaf poor in tannin 
content, it will be readily seen, will not permit this. 


There is a wide variation in the tannin content 
of the various parts of the shoot. Most of the tannin 
is located in the leaves and the following table will 
give the reader a clear idea of how the tannin is 
distributed in the shoot. 


Part of Shoot Percentage of tannin. 
BupD 29,8% 
FIRST LEAF 29.9% 

SECOND LEAF 21.3% 
THIRD LEAF 17.8% 
FOURTH LEAF 14.5% 
UPPER STALK 11.7% 


LowER STALK 6.4% 
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Tannin content in the leaf varies also according 
to climatic conditions. During the wet season, 
tannin content is much less than what is found in the 
leaf during dry weather conditions. 


On the average, tannin in the whole shoot varies 
from about 18% at high elevations to between 20% 
and 22% in medium and low elevations. The hotter 
the climate the more it makes for greater percentage 


of tannin content in the leaf. The above table will: 


also clearly show that there is marked difference in 
tannin content between tender leaf and coarse leaf. 


The tannin in the shoot varies according to the 
growing phase in which the shoot happens to be. 
Thus a shoot plucked just before it goes banji is poor 
in tannin, and the ‘“tippings” which are largely 
composed of such shoots constitute poor leaf on this 
account. A shoot plucked from growth which has 
gone banji and subsequently has grown again has a 
very high tannin content if plucked just above ¢he 
new fish leaf. It will be understood that as the 
season progresses, shoots originating from axils below 
the plucking table may, when plucked, be in a phase 
when the tannin is high or in a phase when it is low. 
It is thus possible to explain the frequent fluctua- 
tions by supposing that the majority of the shoots 
happen at one time to be in one growing phase or the 
other just described. 


In North-East India it is common knowlede that 
the liquors of the manufactured tea vary in thickness 
and brightness from week to week. In the few cases 
where the necessary observations have been made, 
these changes have been correlated with the fluctua- 
tions in the tannin content of the leaf. 


Tannin content varies according to the age of 
the bush from pruning as shown in the following 
table :— 
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Months from pruning. Average tannin content in shoot. 
6 MONTHS - 10 to 12% 
12 > n 12 to 16% 
18 i 16 to 19% 
24 ” 20 to 22% 
36 # 15 to 20% 


Tea growing under heavy shade is poor in tannin 
content which may be reduced by this cause by as 
much as 4%. 


Heavy doses of nitrogenous manures which make 
for rapid vegetative growth lower the tannin content. 
This will be discussed more fully under the subject of 
Manuring. Normal doses of Nitrogen according to 
size of bushes and stand per acre varying from 45 lbs. 
to 80 lbs. per acre will not have such an effect, but 
will in fact produce leaf quite rich in tannin content. 


Long plucking rounds have a detrimental effect 
and the tannin content in the shoot is considerably 
lowered on this account. 


Plucking like other agricultural processes involves 
a disturbance of Nature’s order of growth to 
induce the bush to flush more rapidly than it would 
in its natural condition. After tipping has been done, 
the first flush takes about 3 to 4 weeks to develop. 
The bud between the tipped stalk and the first leaf 
grows and when a fish leaf and 3 full leaves and a 
bud have been formed above the bract (the small 
malformed leaf below the fish leaf), the time is oppor- 
tune for the first normal plucking. To get the most 
out of the bush without causing any detriment to its 
growth, one full leaf above the fish leaf must be left, 
and only the bud and 2 leaves should be plucked as 
shown in Fig. A on Page 179. 


Emergencies necessitating variations will be 
discussed under the heading “Blister Blight”. Where 
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growth has been longer, still it is inadvisable to leave 
more than one leaf above the fish leaf because even 
though every leaf axil is a potential medium of 
producing new shoots, a bush with too many young 
leaves has less incentive to flush and _ develops 
dormant banji shoots. 


PLUCKING SYSTEMS. 


Plucking systems may be broadly described under 
four headings as follows:— 


(i) Fine Plucking. 

(ii) Medium Plucking. 

(iii) Coarse Plucking and 

(iv) Hard Plucking or Stripping. 


Fine Plucking. A finely plucked shoot is one 
which consists of 2 leaves and a bud just formed 
when the full leaf above the fish leaf is still soft and 
succulent. With China varieties,a bud and more 
than 2 leaves may be plucked and yet come under 
this class. This condition is reached in 5 days in the 
low country, 7 days in medium elevations and 9 days 
in high elevations reckoned from the last date of 
plucking. 


Fine or close plucking must not be confused 
with ‘‘Hard Plucking” which does not leave a full leaf 
above the fish leaf for the benefit of the bush. Fine 
plucking necessarily involves “close” plucking by 
which is meant shortening of the interval between 
plucking and shortening of the length of the shoot to 
be plucked, It does not mean stripping by which 
is meant the taking of everything pluckable above the 
fish leaf or below the plucking table. 


Medium Plucking. This refers to plucking of 
2 leaves and a bud leaving one full leaf above the fish 
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leaf. The time taken for optimum growth between 
rounds varies from 6 to 7 days in the low country, 8 
to 9 days in the mid country and 10 to 12 days in 
high elevations. Plucking rounds longer than the 
period mentioned here tend to promote coarse leaf 
which is not only poor in water soluble tannin content 
but will not evenly wither and is incapable of taking 
a good twist in the rollers. 


Coarse Plucking. This consists of shoots of 
more than 2 leaves and a bud and _ includes banji and 
stalks of growth exceeding the normal plucking round, 
and usually represents flush from fields where rounds 
have exceeded 7 days in the low country, 9 days in 
the mid country and 12 days in up-country. It is the 
lowest standard in plucking which gives teas poor in 
quality and flaky in appearance. It must be clearly 
borne in mind that good tea can never be manu- 
factured from coarse leaf, and factory techniques and 
machinery however elaborate and efficient will be 
useless with coarse and stalky raw material. Coarse 
leaf undermines quality and produces a large per- 
centage of red leaf, stalk and fibre in the teas. As 
stated earlier, the older the leaf or the longer the 
plucking round, the farther away is the finished 
product from approved standards of quality and 
appearance which will fetch very low prices. During 
times when markets are slack and buyers are selective 
such teas cannot be sold. The reasons adduced in 
favour of coarse plucking and the adverse results of 
such practice not inmediately appreciated are sum- 
marised below for ready reference :— 


Reasons adduced in favour of coarse plucking 
or longer plucking rounds. 


1. Longer rounds require less labour and hence 
plucking costs are lowered. 


2. 
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As bigger quantities of leaf are available on — 


the bush in between long rounds it is argued 
that yields are increased. 


Adverse effects of such policy and practice. 


1. 


There is in fact no saving in labour. Longer 
rounds entail more work in breaking back 
mature leaves, staik and removal of banjis. 


Nett yields are much lower. Dry weight of 
mature overgrown leaf will be less as large 
quantities of refuse teas and off grades will 
be produced. 


Stalk elimination is very expensive as picking 
has still to be done by hand in spite of 
modern machinery which help to extract 
stalk. When high cost of picking is com- 
pared with the trifling saving effected in 
plucking, the final loss and expense is very 
considerable. 


Coarse leaf takes longer time to wither and if 
any attempt at hard withering is made in 
the factory, all tender shoots in the flush 
will turn red. Therefore only soft withers 
are possible and a greater part of the leaf 
remains green. Such leaf will never twist 
in the rollers and yield to pressure. Under 
rolling pressures, such leaf is sheared up 
resulting in flaky teas with an excessive 
percentage of Broken Mixed and red leaf. 
The soft and green withers, the characteristic 
results of coarse plucking, will give light 
and raw liquors. If pressures are applied 
to correct this, the leaf merely yields to the 
pressure and without taking a twist neces- 
sary for expression of sap, merely gets cut 
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up and in the process the stalk and fibre 
become conspicuous and appearance of the 
finished teas will be spoilt. To strike a 
balance between liquor and appearance 
under these conditions will be a formidable 
task and manufacture will no longer be 
a straight forward process but becomes 
complicated with dubious results. 


5. The only apparent gain from coarse plucking 
is inthe total weight of made tea which 
includes fibre, stalk, reds, waste and off 
grades which are normally rejected and 
not included as crop. The nett outcome 
of coarse plucking in the long run is there- 
fore increased costs, lowered yields, made 
tea inferior to accepted standards in appear- 
ance and quality, and infusions poor in 
strength and colour. Coarse leaf from 
under-nourished bushes and those overdue 
for pruning gives even worse results. 


Stripping or hard plucking. These terms refer 
to plucking of all flush above the fish leaf. While 
this may be permitted when plucking poor jats of 
tea of the China hybrids, the practice with other jats 
is strongly condemned as it is highly detrimental to 
the well being of the bush and should never be per- 
mitted. Any gain in crop will be only temporary 
and is achieved at the expense of the general condi- 
tion of the bush. ‘The first noticeable effect of 
hard plucking is an immediate increase in yield. 
Stripping causes more pluckable flush to be produced. 
Although the increase in crop intake will continue, 
the size of the leaf plucked will progressively diminish 
and the quality of the leaf also will fall off gradually. 
The temporary increase in crop is secured at the 
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expense of the wood forming constituents and carbo- 
hydrate reserves of the bush. Hard plucking is 
definitely a short sighted and short term policy which 
pays in increased crop for a few years, but in the end 
will produce debilitated bushes. Branches will die 
back either after pruning or during drought. The 
spread of the bushes will be small, the frames will be 
thin and weak and the general condition of the bushes 
will rapidly deteriorate. 


Stripping in effect deprives the bush of the very 
means by which it secures its carbohydrates and 
other nutrients. The bush requires a good cover of 
foliage to develop healthy branches, and if stripping 
is permitted or overlooked, its ill effects will be re- 
flected in greatly reduced yields and end in economic 
failure. In order to harvest more crop or due to 
inadequate supervision, pluckers yield to the tempta- 
tion of plucking side branches. The disadvantages 
of this bad practice must be fully appreciated and 
pluckers should be deterred from touching side 
branches. By leaving out side branches we are help- 
ing them to develop and produce a greater plucking 
surface. Eventually a much bigger crop is harvested 
than is possible by plucking the side branches or 
below the level of the plucking table. The extra 
cover obtained by not plucking side branches also 
helps in retarding the growth of weeds. Hard pluck- 
ing and stripping are usually practised in places where 
the bushes are in a poor condition and crops are low. 
If the bushes were vigorous, then the pluckers would 
have no temptation to search for leaf below the 
plucking level or in the side branches. 'The answer 
to bad plucking, therefore, lies not so much in greater 
supervision but in more intensive cultivation and 
manuring. 
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Slope Plucking. This type of plucking has been 
practised in the Nilgiris (India) for many years, and 
has been adopted in a number of large estates in 
Ceylon. The bushes are pruned and tipped at a slope 
parallel to the lie of the land. The resulting plucking 
tables are neat in appearance and expose their entire 
surface to the direct rays of the sun which factor is 
an important advantage in areas subject to blister 
blight. Slope plucking tables make both plucking 
and spraying operations considerably lighter and 
easier especially in steep terrains, and cover the 
ground more effectively than horizontal tables and 
thereby render a check on the growth of weeds. 


In order to obtain a proper slope of the plucking 
tables, in practice slope pruning is usually carried out 
by giving the pruners a measuring stick which is 
placed against the upper and lower sides of the bush, 
instead of in the centre as is the case with horizontal 
pruning. However, when going over to slope pruning 
for the first time it is obvious that on steep slopes far 
too much of the frame may be cut away on the lower 
side of the bush if the measuring stick technique is 
followed in its entirety. Accordingly it is obviously 
necessary to issue some additional instructions such 
as that no pruning may be done on the lower side of 
the bush more than, say, 3” or 4” below the previous 
pruning level. Similarly no pruning should be done 
on the upper side of the bush more than 3” or 4° 
above the previous pruning level. 


Although a certain amount of extra slope may be 
obtained by tipping somewhat higher: on the upper 
than on the lower side of the bush, it may well take 
two or more pruning operations before it is possible 
to bring the slope of the plucking table into conformity 
with the slope of the land where this is steeper than 
the average. 
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Mechanical Plucking. Rising labour costs 
have directed attention to the possibilities of mechani- 
cally plucking tea. Attempts to apply such methods 
date back many years, but today two types of 
machines which are named the “'Tarpen Cropper” 
and the “‘ Grafton Cropper” are in experimental use. 
The ‘“ Tarpen Cropper” is in principle similar to a 
miniature harvester. It is swept across the bush by 
the operator while slowly rotating wheels draw the 
green leaf between the cutter blades and into the 
hopper. It weighs about 9 lb. and is electrically 
operated and harvests leaf at the rate of a pound in a 
few seconds against the hand plucked average of 30 
to 40 lbs. per plucker in eight hours. The “Grafton 
Cropper” also operates on a more or less similar 
principle but is hand operated. There are, however, 
two major obstacles to the adoption of this type of 
labour saving machinery. One difficulty is the 
average lay out of Ceylon Tea areas which does not 
lend itself readily for the adoption of machine 
plucking, and the other, which is more important, is 
its effect on quality of the leaf gathered by this 
comparatively unselective method of harvesting. 


Reference: Harler C. R. *’ The Culture and Marketing of Tea." 
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MECHANICAL PLUCKING—POWER 
OPERATED KNAPSACK MODEL MACHINE. 


CHAPTER XIII. 


CULTIVATION 


Cultivation is regarded by agriculturists as a 
fundamental necessity for the following reasons. 


1. The first reason for cultivation is to maintain 
the soil in a porous condition. For healthy 
plant growth the air in the minute pores 
and channels of the soil has to be constantly 
renewed. The most effective way to keep 
air renewed is to ensure that those pore 


lags spaces are not blocked by water; the vital 
necessity therefore is drainage. Rain water 
a itself contains appreciable quantities of air 


dissolved in it and by free water movement 
this air is made to contribute to the soil 
atmosphere. Aeration therefore is an 
indirect effect of cultivation working through 
the factor of water movement. Provided 
this movement is free, there seems for the 
purposes of aeration to be no need for 
excessive combination of the soil particles. 
The maintenance of porosity is really im- 
portant particularly on land subject to soil 
erotion. The more rain we can absorb and 
pass through the soil, and the less rain that 
is carried away as run-off, the sounder will 
be our agricultural practice. Therefore 
moderate cultivation with a view to 
breaking the hard cap of the soil as an 
important check on run-off and soil erosion 
will be found particularly beneficial. 
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2. The second reason for cultivation is to 
suppress weeds and help root development. 
As far as weeds are concerned the problem 
is not important under the system of clean 
weeding, but there is a reliable consensus 
of opinion that tea is not very efficient in 
thrusting its roots through resistant soils. 


8. The third reason for cultivation is to ensure 
that the application of manures is deep 
seated. 


Porosity, root expansion and manurial applica- 
tions thus provide reasonable justification for cultiva- 
tion, and in order to understand the full signif- 
icance of cultivation and all that this most important 
practice entails, a study of soil material and its com- 
position is of the greatest advantage to the practical 
planter. 


The mass of matter covering the earth and 
forming the outermost layer of the earth’s crust which 
supports all plant life is called “Soil”. It is made 
up of various substances and its depth varies from a 
few inches to over 100 feet in some places and is 
formed mostly of inorganic matter which is derived 
from different types of rocks weathered down by the 
agencies of climate, water, air and biological factors. 
Besides inorganic matter, soil contains organic matter, 
air, water and micro organisms. The proportions 
of these vary at different places, or in the same place 
at different times. Thus the composition of the soil 
is a heterogeneous mass of weathered rock, air, water, 
organic matter and a vast population of micro or- 
ganisms. The functions of soil for our purpose may 
be classified into three main groups as follows :— 


(a) Physical. It provides the mechanical 
support for all plants, and acts as a water 


- it i it i lt MR eee 


( 193 ) 


reservoir, absorbs and conserves heat from 
the sun and also forms a medium for the 
exchange of gases. 


(b) Chemical. It provides all plant life with 
all its requirements of soluble salts and 
nutrients. 


(c) Biological. The soil organisms both large 
and small help to improve and enrich the 
soil. The micro organisms of the soil are 
the Algae, Fungi, Bacteria and the Protozoa 
of which the most important ones are 
Bacteria which acting on raw organic 
matter for their nutrition convert it into 
simpler substances of which the important 
ones being nitrates and carbonates. 


The soil is not astatic mass, but it is for ever 
changing. It either improves or deteriorates. We 
shall now consider the main constituents of the soil 
in the following order: (i) Mineral Matter, (ii) Organic 
Matter, (iii) Soil Moisture, and (iv) Soil Avr. 


(i) MINERAL MATTER. The mineral matter 
in the soil consists of particles varying in size from 
stones and gravel down to sub-microscopic particles 
of clay. The large particles consist of rock fragments, 
and the intermediate particles consist of the secondary 
products of chemical weathering. A general knowl- 
edge of the mechanical composition of soil, which 
simply means the relative proportion of the different 
sized soil particles, is of considerable importance to 
the planter. It will help to characterize the soil and 
also affords an indication of its physical properties 
more particularly in regard to its behaviour under 
cultivation. 
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The following classification of various soils affords 
a good basis for comparison. The size of the soil 
particle is called the “texture ” of the soil. 


Particles of soil Diameter Limits. 
STONES More than 3 mm 
GRAVEL 3 to 2mm 
COARSE SAND 2to.2mm 
FINE SAND .2 to .o2 mm 
SILT .02 to .002 mm 

» easy Less than .oo2 mm 


Gravel. This serves the purpose of forming the 
skeleton or frame work of soil. Up to about 10% it 
is advantageous. It offsets to some extent the 
undesirable properties of clay. It facilitates drainage 
and renders the soil warm and it helps to check losses 
by radiation. But it does not contribute towards 
plant food. 


Intermediate particles of coarse and fine 
sand. This fraction which comprises of particles 
varying from 2 mm down to about .002 mm diameter 
are fragments of rock forming minerals such as quartz, 
feldspars, micas etc. These possess little power of 
retaining water and soils in which sand forms the 
principal constituent are comparatively unproductive. 
But when the sand fractions are balanced by a 
suitable proportion of fine particles, the soil is 
sufficiently retentive of moisture and is capable of 
suitable drainage and can become productive. 


Silt. These particles are moderately retentive 
of moisture and yet permit fairly easy drainage. 
Soils containing large proportions of silt are usually 
fertile and easily worked. 


__ Clay. Particles below .002 mm in diameter 
differ profoundly from the ones already described. 
They consist almost entirely of material of secondary 
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origin and differ from coarser material. Moreover 
the minuteness of the size of these particles gives 
clay some interesting and remarkable properties. It 
has a great capacity for retaining moisture. It 
expands and becomes plastic on being wetted and 
shrinks on drying. It has the property of cohesion 
whereby clods are formed on drying, and finally it is 
chemically reactive. 


(ii) ORGANIC MATTER. The organic matter 
in the soil consists of easily recognizable remains of 
plants like fragments of leaves, roots, seeds etc., and 
a dark amorphous material called hamus. The term 
“humus” is confined to the organic matter of the 
soil which has decomposed and has lost its original 
structure. This constitutes about 90% of the organic 
matter of the soil and is mainly responsible for the 
colloidal or glue-like characteristic of the soil. It is 
formed from the decomposition of the remains of 
plants and animals and other organic substances 
added to the soil. Under natural conditions this 
means the decomposition of the remains of plants 
that have grown inthe soil. In cultivated soils the 
additional source is green manure, compost and 
farmyard manure. 


When organic matter is added to the soil, it 
decomposes. After atime this process slows down 
till finally it reaches a very low level of decomposition. 
This slowly decomposing organic matter is humus 
and is almost entirely the work of micro-organisms 
found in the soil. There are two typs of decomposi- 
tion of plant residues in the soil namely (a) 
Oxidization and ( b) Humification. 


Oxidization. The organic matter becomes 
oxidized by which it is completely lost from 
the soil in the form of gases. This process 
is favoured by moisture, warmth, and 


( 196 ) 


eration, and in cultivated soils of the tropics 
the disappearance of organic matter due to 
this cause is very rapid. 


Humification. By this process plant and 
animal residues become changed into the 
dark coloured amorphous material called 
humus. There are three types of humific- 
ation :— 


1. Anaerobic Humification. Humification in 
the absence, or in a restricted supply 
of oxygen is termed “‘anzrobic”. ‘This 
condition prevails when plant residues 
decompose under water or in water- 
logged soils. A certain loss of organic 
matter takes place, but the bulk of the 
plant residues decomposed is changed 
into humus. Thus in wet soils, the 
tendency will be for the residues of 
vegetation to accumulate as humus. 
The word ‘“anzrobic” means pertaining 
to a micro-organism which thrives best 
or only in the absence of oxygen. 


2. Acid Humification. This is the decomposi- 
tion affecting organic residues in the 
absence of calcium and other bases. 


3. Humification under semi arid conditions. 
Scanty rainfall precludes anzrobie con- 
ditions. High lime content prevents an 
acid type of humification. Humus pro- 
duced under these conditions is darker 
than that produced under more humid 
conditions. 


Now we may proceed to consider the 
characteristics and properties of soil 
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organic matter in closer detail. They 
may be described under 3 main head- 
ings :— 


Physical Properties 
Chemical Properties and 


Biological characteristics of organic 
matter. 


(a) Physical Properties. Soil organic matter 
is a light bulky substance varying in colour 
from black or dark brown to more or less 
colourless compounds. It is porous and 
exhibits high water retaining capacity. It 
holds 180% of its own weight in water. When 
it absorbs water, it swells and increases in 
volume. Because of this property, it is able 
when present in the soil, to absorb all rain 
water that falls and thereby reduces run off. 
It also exhibits cementing powers when 
added to soil and helps in binding particles 
of soil to form aggregates or structures. In 
this respect it is more important than clay 
for it is more water stable and its structure 
forming properties increase the tilth of the 
soil. It is colloidal and therefore important 
in the absorption of ions. 


he darker organic matter imparts to the soil a 
dark colour which helps the soil to absorb more radiant 
energy. This is important for the biological activity 
of soil organisms. Because of its porosity and power 
to form aggregates of individual particles, the aeration 
of the soil is greatly increased. When soil rich in 
organic matter is wetted, the organic matter absorbs 
the water faster than clay. his being so, a soil rich 
in organic matter does not become plastic, nor does 
it puddle when worked with a high soil moisture 
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content. The available water content is greater in 
soils which are rich in organic matter, and thus soil 
organic matter improves the texture of heavy soils. 


(b) Chemical properties of soil organic 
matter. Along with organic matter in the soil there 
are associated several other elements of which the 
most important is Nitrogen. The nitrogen content of 
the soil organic matter varies and is normally greater 
in temperate countries than in the tropics. This 
nitrogen is made available to the plants by biological 
activities of soil organisms. At times the nitrogen is 
used up by the organisms for their own metabolism. 
By metabolism is meant the continuous chemical 
change going on in living matter either constructive 
by which nutritive material is built up into complex 
and unstable living matter, or destructive by which 
protoplasm is broken down into simpler and more — 
stable substances. It any case, nitrogen still remains 
a part of soil organic matter. Soil organic matter 
exhibits absorptive powers and prevents the wash 
down or leaching of fertilisers from the soil, and 
thereby fertilisers and manures are retained in the 
soil and are made available to the plants whenever 
they require it. This function also helps in conserving 
the salts that are formed in the soil as a result of 
weathering. Soil organic matter increases the solubil-~ 
ity ‘of the inorganic constituents of the soil because 
of its acidity. The nutrients present in it are well 
eee and hence do not cause any injury to the 
soil. 


(c) Biological characteristics of soil 
organic matter. Soil organic matter serves as a 
source of energy and food for the vast population of 
micro organisms in the soil. The maintenance of a 
large amount of micro organisms in the soil is 
essential for soil- fertility. They consume organic 
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matter and in the process convert decaying organic 
matter into humus and release food for the growth of 
plants in forms which the plant likes best. ‘The micro 
organisms are responsible for a number of chemical 
changes taking place in the soil. These organisms 
consist of 


Fungi which include yeasts and moulds, 
Bacteria, 
Algae which belong to sub-aquatic plant life, 


Protozoa and Amoeba which are microscopic 
organisms of the simplest structure. 


Fungi. Fungi and yeasts act upon certain 
kinds of organic matter in the soil using this material 
to build up their own structure. When they decay; 
they leave behind organic residues which are more 
easily nitrified. Fungi are present in smaller numbers 
than bacteria in the soil. They are most abundant 
and prolific in organic soils with acid reaction, In 
such soils decompositions are mainly the work of 
fungi and not so much of bacteria. 


Bacteria. ‘These are the most important 
micro organisms in the soil. The concentration of 
bacteria in the soil varies, but in ordinary soils they 
may be present to the extent of 100 to 300 millions 
per gramme of soil. The highest figures are obtained 
in highly cultivated and heavily manured soils. The 
distribution of bacteria within the soil itself is vari- 
able. There is a marked localization of bacterial 
activity in the vicinity of growing roots where worn 
out cells decay. Moisture and warmth favour their 
growth whilst drought and cold depress their activity. 
There is rapid decrease in bacterial numbers with 
depth and complete sterility is reached within few 
feet below the surface. There are several kinds of 
bacteria and most of which found in the soil fulfil 
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many useful functions in agriculture the most notable 
of which are decomposition of organic matter and 
fixation of nitrogen in the soil. 


Protozoa and Amoeba. ‘These organisms are 
always present in the soil and live on _ bacteria 
and thereby limit the activity of the latter. Protozoa 
are easily killed by heat and antiseptics whilst 
bacteria are more resistant. 


(iii) SOIL MOISTURE OR SOIL SOLUTION. 
The soil solution is the dilute aqueous solution from 
which plants obtain their nutrient requirements by 
the medium of their roots. Its composition varies 
from soil to soil and within the same soil at varying 
depths according to moisture content. As soils become 
dry, the solution or moisture becomes more 
concentrated. The soil solution contains dissolved 
carbon dioxide and therefore has a solvent action on 
the mineral matter of the soil. 


(iv) SOIL AIR. Soil air fills the pore space of 
the soil. It differs from atmospheric air in the follow- 
ing respects, namely its composition is variable, and it 
is usually saturated with water vapour. It contains 
a higher proportion of carbon dioxide than the atmo- 
acre and it depends on the bacterial activity of the 
soil, 


Cultivation in relation to physical properties 
of the soil. Physical character and behaviour of a 
soil are governed by a number of circumstances which 
are :— 


1. Nature, size and distribution of the particles 
comprising the soil. 
2. Colloidal material content of the soil 


3. The relative proportion of organic and in- 
organic matter in the soil. 
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4, Moisture content. 


5. Structure of the soil and its pore space. 


The pore space is not a specific property of a 
given soil, but depends on its temporary structure. 
The proportion of pore space depends on the extent 
to which its primary particles are united into crumbs. 
The greater the. development of the crumb structure, 
the greater will be the pore space because not only 
there are bigger spaces between the bigger crumbs, 
but the crumbs themselves are porous. The formation 
of soil crumbs depends on the presence of humus which 
gives the soil that characteristic stickiness which it 
gets from decayed remains of plants and animals and 
the chemical action of water in which some of those 
products of decay are dissolved. This stickiness 
properly controlled is a most important property and 
the ingredients which contribute to this characteristic 
are called “colloids”. This soil colloidal matter acts 
as a kind of cement which sticks the soil particles 
together and this formation is greatest in soils contain- 
ing large proportions of organic matter, humus and 
clay. If there is no organic and colloidal matter, 
then there would be very little crumb formation. A 
well developed crumb structure is very important to 
the growth of plants for the following reasons :-— 


(a) It facilitates soil aeration. 


(b) It renders the soil permeable to water 
movement and absorbs and retains maxXl- 
mum amount of water and prevents erosion. 


(c) Crumb structure tends towards stability 
against erosion by wind action during 
drought for the fine particles are anchored 
down in compound aggregates which are too 
heavy to be affected by wind. 
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(d) It favours tillage operations particularly in — 


heavy soils. 


Irom the time land under jungle or grassland is — 


opened up, the action of the sun and air increases the 
rate at which plant food, organic matter and humus 


are used up. With continued depletion of these | 
reserves or organic matter, the crumb structure of the — 


soil gradually breaks up and new combinations of soil 
particles have to be formed to keep the soil ina 


porous condition to ensure proper soil aeration and — 


existence of sufficient crevices or pore spaces both for 
moisture absorption and to enable the extremely 
delicate feeding rootlets of the plant to penetrate into 
the soil in search of moisture and nutrients. To 
achieve and maintain this state of soil, cultivation is 
very necessary whereby air and water are able to 
penetrate the soil easily. 


The micro organisms on which fertility of the 
soil depends require moisture to carry out their 
functions and cultivation helps to mix the plant and 
animal remains with the soil so that new colloidal 
matter cements soil particles and maintains crumb 
structure. For healthy plant growth, air in the 
minute pores and channels of the soil has to be 
constantly renewed. The more rain we can absorb 
and pass through the soil the better is the agricultural 
practice. Cultivation suppresses weeds and promotes 
root development and gives the delicate root system 
of tea a better chance to carry out its functions 
efficiently even in resistant soils. Tea has a weak 
penetrating root system and is not efficient in thrust- 
ing its roots through unkind and resistant soils. 
Cultivation ensures that application of manures is 
deep seated. When green manures, compost and 
cattle manure are incorporated into the soil when 
cultivation is done, lost humus is restored by the 
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action of bacteria and fungi as described earlier and 
the soil is kept alive and fertile. 


Cultivation should not be carried out in dry 
weather because the ground will be too hard for 
efficient forking and cannot be done economically. 
It also opens out the soil and causes damage to tea 
by the acceleration of evaporation of soil moisture. 
Shallow cultivation is wasteful, more especially when 
manures containing phosphates which are not readily 
and easily soluble have to be applied. It is not 
recommended also for the reason that it is against the 
interests of soil conservation as it promotes rapid 
erosion. The results of deep cultivation are both 
beneficial and excellent on tea roots. Roots require 
periodic stimulation to fresh growth and activity. 
Otherwise after some time they become inefficient 
and die. It has been found by practical experience 
that cultivation of alternate rows of tea every six 
months stimulates root growth and does not consti- 
tute a danger to root development. The steady 
production which follows deep cultivation amply 
justifies its adoption. 


Cultivation in relation to Green Manuring. 
The forking-in of prunings and green manures during 
drought is to be deprecated. The amount of moisture 
they supply to the soil is quite small; they dry 
rapidly themselves and open up the soil even more 
than a straightforward plain forking does. Unless 
this vegetable matter is composted, it is better left as 
a leaf mulch. By protecting the soil from direct 
sunlight this mulch will preserve moisture in the 
upper layers of the soil in a much more efficient 
manner. It is not a highly efficient method of using 
green manures, but it is more expedient to lose some 
of the nutrient value of leaf-fall than to risk drought 
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dangers. Where the mulch so formed is supple- 
mented by a really good layer of Grevillea droppings, 
it plays a very important part in soil protection. In 
addition, it isa very fine protection against erosion 
when the rains arrive later. 


Cultivation inrelation to Artificial Manuring. 
It is as an adjunct to good manuring that cultivation 
plays its most important part. General experience 
has shown that shallow manurial applications are 
fraught with danger in places subject to dry periods. 
The fine feeding roots of tea are concentrated very 
largely in the cultivated and manured depths so that 
apart from any other considerations a policy of 
shallow manuring tends to unduly encourage root 
development in the soil depths that feel the effects of 
drought first. Moreover, phosphate and _ potash 
manures have not the mobility in the soil that 
nitrogen has so that nothing but deep forking 
localizes the supplies of these nutrients. 


Phosphates deserve a special word. In time, all 
forms of phosphatic manures revert in the soil to a 
type of compound that is only sparingly soluble. It 
is necessary therefore to distribute phosphates in 
those parts of the soil where the solvent action of soil 
moisture is reliably steady. Nothing could be more 
wasteful than the scratching in for a few inches of an 
insoluble manure like Rock Phosphate (the Saphos 
and Safaga of commerce), 


Cultivation in relation to the Root System of 
Tea. ‘Tea like all other plants absorbs its water and 
nutrients through the roots and to understand the 
effects of cultivation on the root system, we shall 
consider it in some detail. 


An examination of the roots of the tea bush will 
reveal that the greater part of the roots are covered 
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by a kind of corky material which is impervious to 
_ water. Only a small portion immediately behind the 
root tip is free of this corky layer through which 
water is drawn into the plant. As the root advances 
in age and becomes less efficient, this impermeable 
covering extends over the uncovered portion and the 
root grows longer and a new region permeable to 
water is formed. This occurs in the tap root and 
main lateral roots which explore new parts of the soil 
in search of water and nutrients. Each main perma- 
nent lateral root is provided with a large number of 
fine delicate rootlets commonly called feeding roots 
which form a large absorbing area. These feeding 
rootlets are not permanent. They function for a 
time and then decay and are replaced by a fresh 
growth. 


These feeding rootlets are of the greatest import- 
ance to the tea bush as they constitute the chief 
means by which the plant obtains food and moisture 
although their life is short. These important feeding 
rootlets cannot develop and carry out their functions 
in hard soil. Loose soil is very essential and soil has 
to be broken up from time to time to enable these 
important and delicate rootlets to carry out their 
work efficiently. No tea cultivation can be carried 
out successfully without some root disturbance. 


Deep cultivation in wet weather will give the 
desired results. It must be borne in mind that cultiva- 
tion in any form which entails root destruction will 
bring about a great deal of harm and should not be 
permitted. Cultivation must not entail destruction 
or breakage of a single main lateral root. 


It is known through results of careful observation 
that the lateral root system of a tea bush sends out 
feeding rootlets twice in the year. In the South West 
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Monsoon zone this takes place around March and 
April, and in the North East monsoon areas around 
November and December, and theoretically if the 
manure or fertilisers are applied a month or six weeks 
prior to the appearance of the feeding rootlets excellent 


benefits from such application can be expected. This — 


means that cultivation and incorporation of manures 
should be carried out during January and early 
February in the South West Monsoon zone and 
between September and October in the North East 
monsoon zone. 


Where, however, droughts are experienced appli- 
cation of fertilisers and cultivation should be guided 
by local weather conditions. The life of the feeding 


rootlets as already stated is short. They function — 


from 3 to 4 months and die and are replaced bya 
fresh growth in about 4 to 6 months’ time. Every 
individual branch is fed by a separate feeding root 
system. ‘To get the best value of manures applied to 
the soil, the maximum number of feeding rootlets 
should be made active by applying the manure in 
every row instead of in every alternate row as is 
commonly practised. Forking every row in the 
manner advised will not cause excessive root distur- 
bance as may be supposed. Without doubt, improve- 
ment in the condition of the bushes and improved 
yields will result and thereby amply justify the extra 
expense involved. 
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CHAPTER XIV. 
MANURING 


Cultivation with application of commercial ferti- 
lisers and green manures of various kinds is vital to 
the growth of tea and ensures a high standard of 
production and maintains the capital value of soils 
and bushes. Liberal application of suitable fertiliser 
mixtures together with systematic forking-in of green 
vegetation is necessary to improve the texture of the 
soil, its humus content and to arrest stump rot and 
branch canker in the bushes and also to prevent decay. 
We shall divide this subject and consider it under two 
headings :— 


(1) Green Manuring and use of cattle manure 
: and compost, 


(2) Application of Commercial Fertilisers. 


Green Manuring. A newly opened jungle land 
produces heavy yields of crops, but after several years 
of continuous cropping, the yields decrease. If this 
soil be now compared with fresh jungle soil, it will be 
seen that one of the essential differences between 
these two soils exists in their organic matter content. 
The rate at which organic matter is used up would 
appear to have been increased through tropical agents 
of growth and decay, and to increase yields and to 
improve and maintain fertility, the lost organic 
matter in the soil must be restored. Carefully 
planned scientific investigations supported by the 
testimony of planters indicate that in the absence of 
a sufficiency of humus,. artificial fertilisers are power- 
less to exert their best and most remunerative effect. 
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It is a widely recognised fact that the application of 
fertilisers to a soil deficient in organic matter is mere 
waste of time and money. 


Organic matter in the soil can be restored in two 
principal ways :— 


i. By Green manuring, and 


ii. By the addition of compost or other forms — 
of decayed organic matter. 


Green manuring is the process of incorporating in 
the soil, plant material in the green state. If added 
under proper conditions, this green material under- 
goes quick decay and adds to the soil not only organic 
matter in bulk, but also appreciable quantities of 
nitrogen. Therefore, green manuring is a very useful 
method of renovating soil fertility. 


Green material to be incorporated into the soil 
can either be grown on site or may be brought from 
outside. Ifa crop is to be grown on the land itself to 
be forked in later, it should always be a leguminous 
crop. A non-leguminous crop, if grown on the soil 
will take its nitrogen requirements from the soil and 
later give back to the soil the same nitrogen or 
perhaps a little less than it took up. Therefore there 
will be no gain in nitrogen to the soil from the use of 
any non-leguminous crop which is grown on it. The 
only gain lies in the bulk of organic matter added. 
On the contrary, a leguminous crop has the power to 
fix atmospheric nitrogen through the medium of the 
bacteria present in its root nodules. Therefore a 
leguminous crop grown for green manure enriches the 
land on which it is grown by adding both organic 
matter and nitrogen to the soil. 


In the composition of the leaves, the leguminous 
crop is generally richer in nitrogen than leaf from 
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non-leguminous plants. If the organic matter 
incorporated in the soil does not undergo any change, 
it will be of little use to plants. It is the changing 
and breaking down of organic matter that makes for 
soil fertility, and not the mere presence of it in the 
soil. The factors which govern the decomposition of 
green material in the soil are :— 


(a) The physical state of the soil, 


(b) The micro organic population of the 
soil, and 


(c) The composition of the plant material 
incorporated in the soil. 


Physical State of Soil. The rate of decomposi- 
tion of green material put into the soil depends chiefly 
on the moisture content of the soil. In the first place 
the soil should be well drained as water-logging 
conditions cause changes in the green material which 
are unfavourable to the crop. There should, however, 
be sufficient moisture present in the soil. Otherwise 
decomposition and nitrification are greatly retarded. 


The optimum condition of soil moisture for 
decomposition is % to 2 of the saturation of moisture 
content of the soil. Of course, the optimum condition 
for different soils varies, but on the average 15% to 
20% of saturation moisture content has been found to 
be adequate. 


When soil is dry, green manures should not be 
forked in as decomposition does not proceed satisfac- 
torily. Heavy rainy conditions on the other hand 
are also unfavourable because the excessive water in 
the soil does not allow proper aeration of the soil 
which is essential for decomposition to take place 
satisfactorily. The aeration of the soil is connected 
with the action of micro organisms which function 
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better with greater aeration of the soil. Therefore 
the best time to fork in green manures is towards the — 
end of the rains when dry weather alternates with 
showers. These conditions indicate the best climatic 
conditions for this work. 


The micro-organic population of the soil. 
These organisms are responsible for the decomposition 
of the green material incorporated into the soil. They 
are present in vast numbers as already stated earlier. 
On the addition of organic matter they greatly 
increase in numbers because organic matter supplies: 
them with a source of energy and food. 


Fungi are the class of micro organisms which are 
chiefly concerned in the decomposition of cellulose 
material. Therefore it is the fungi that first get to 
work either on the forked in green material or on the 
organic matter put into compost pits. The result of 
their action is the production of carbon dioxide, 
humus and organic acids. Bacteria on the other hand 
are chiefly concerned with the breaking up of organic 
nitrogenous material. They finally produce nitrates. 


The composition of plant material. This 
plays an important part in nitrification. Cellulose 
and liquified materials resist decomposition. There- 
fore, plant materials which are too mature such as 
loppings from bush green manures such as Tephrosias 
and Crotalarias or loppings from trees such Gliricidias 
and Dadaps decompose very slowly. On the other 
hand, immature portions of plants and young tender 
plants in general contain more readily decomposable 
constituents such as sugars and proteins in large 
quantities. These decompose very readily and lead to 
nitrification in the form of nitrates. 


For the formation of nitrates from green material, 
the nitrogen content of such material should not be 
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less than 2%. Leafy green manures and green 
material from young plants generally contain a higher 
percentage of nitrogen. In the case of plant material 
which is fibrous or woody, the soil micro organisms 
have to spend much energy to break them down. In 
_order to obtain the energy for this purpose as well as 
for their own multiplication, the micro organisms 
actually make use of the inorganic nitrogen present in 
the soil instead of liberating it. Therefore, it is a loss 
to the soil or to any immediate crop if over-mature or 
woody material is forked into the soil. Such material 
will contain much less than 2% nitrogen required for 
quick decomposition. 


A crop specially grown for green manure should 
be cut down and forked in about the time just before 
it flowers. Green manuring will particularly benefit 
sandy: soils and land where the top soil has been 
eroded by increasing their humus and nitrogen con- 
tent and water holding capacity. During dry weather 
the green material should not be forked in but should 
be laid over the ground as a mulch. This will help 
to conserve moisture. A comprehensive list of trees 
and shrubs suitable for use as green manures is given 


in Chapter VII. 


Burying of Prunings. Many planters view this 
system of adding humus to the soil with disfavour 
because it is a potential source of root disease. 
Further, the heavy soil erosion which follows this 
practice and the formation of “runnels” which occur 
between the rows of teas have discouraged it. To bury 
prunings in heavy tea, pits of at least 18° x 18° x 18" 
will be required to get the prunings under the 
soil. The severance of large roots in the process of 
cutting these pits makes the entry of destructive 
fungi an easy matter more especially in the wet south 
west zones. Even at the rate of one pit to every 
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four tea bushes, the damage caused to lateral roots 
during cutting of pits is considerable. 


Burying prunings, weeds and line refuse in pits, — 


no doubt gives excellent yields when the work is 
carried out with care provided root damage is kept 
down tothe minimum. A certain amount of root 


damage will be inevitable, but after and pits have © 


been dug and filled with green manure, prunings, 
weeds or some similar organic debris, the roots of the 
bushes adjoining these pits will penetrate into them 
in their search for plant food with greater intensity 
and the increased penetration of the roots and good 
nutrition thus secured will more than compensate for 
any root damage. However, immediate results 
must not be expected. It is a long term policy and 
the period may be any time between 7 and 10 years 
before really high yields are obtained. 


Cattle Manure. This is an excellent means of 
replenishing the humus content of the soil. To 
obtain satisfactory results, large quantities should be 
applied with a minimum of 5 tons peracre. Its nitro- 
gen content varies from 2% to 3% according to the 
type of fodder on which the cattle are fed. Cattle 
manure which has become dried up loses much of its 
value. The only disadvantage which results from its 
application is that it promotes a rapid growth of 
cootch grass and is therefore viewed with disfavour in 
those areas where weeding presents difficulties. 


Compost. Compost is a very valuable manure 
for tea soils and where plenty of green material, dung, 
urine earth, vegetable and animal residues and 
garden or line refuse are available, it affords one of 
the cheapest and best ways of enriching the humus 
content of the soil. Compost not only provides 
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nitrogen, phosphoric acid and potash which are essen- 
tial plant foods but also ensures the improvement of 
the texture and tilth of the soil. By tilth is meant a 
well developed crumb structure which favours soil 
aeration and renders the soil capable of retaining 
more moisture and more permeable to water. Com- 
post when properly prepared is comparable in rich- 
ness to cattle manure and it is possible to make about 
five times at least its bulk in compost with a given 
quantity of cattle manure. ! 


Materials-necessary for Compost making. All 
green leafy material, weeds and the like, animal re- 
mains, garden and kitchen refuse, droppings of cattle 
and other farmyard animals, cattle urine or urine 
impregnated earth are the most suitable materials for 
compost making. Compost can be made in either 
heaps:or in pits. 


General principles for making Compost. The 
site of the compost pits or heaps should have free 
contact with earth and air and should possess suitable 
degrees of warmth and moisture. If there is too 
much of moisture aeration will decrease and the 
reaction will cause decomposition to slow down. A high 
land affords protection against water logging. ‘The 
economy of labour and transport should be borne in 
mind and it will be advantageous if the site is easily 
accessible by a cart road. The earth should be 
permeable to water and not be clayish. There should 
not be any growing vegetation on the base of the 
heap or trench. If the base is so covered conditions 
become acidic, and the soil organisms which normally 
favour decomposition cannot exist. 


The pit or heap should be of convenient size 
according to the quantity of composting material 
available. Where the pit method of making compost 
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is adopted, such pits should be between 3 to 4 feet in 
width and of similar depth. The bottoms should 
have a slight slope to prevent water logging. With 
the heap method, the height of heaps should be about 
4 feet for easy watering and about 3 to 4 feet in width. 
The length of the pits and heaps can be made to any 
convenient size. 


Suitable arrangements must be made to afford 
complete protection of the process from weather and 
atmospheric conditions. The materials should be 
sufficiently moist, but not soaking wet when placed 
in the pit or heap. The importance of the employ- 
ment of as much variety of material as possible 
cannot be over-emphasized, and as woody and 
“stubborn” varieties impede the process, care should 
be taken to discard such material. A good balance 
of materials is necessary for the maintenance of 
optimum conditions of temperature, moisture and 
aeration throughout the period of manufacture. 
Otherwise an indifferent product will be the result. 


- Making of Heaps. The following instructions, 
if carried out with care, will ensure manufacture of 
humic manure of the finest quality which will exert a 
very favourable influence on the tilth, moisture — 
retaining capacity and temperature of the soil, and 
provide at the same time a source of energy, nitrogen ; 
and minerals for the various micro-organisms in the 
soil the importance of which has already been 
discussed. 


1. Prepare base with 3” layer of well rotted 
cattle manure well sprinkled with dey 
powdered Urine Earth. A convenient size — 
of the base may be 4’ X 12’, , 


2. Moisten adequately but not excessively, 
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3. Place a layer about 18” thick of vegetable 
matter, refuse, waste or any material as 
may be available. The coarser material 
should be placed in the middle of the heap, 
and so also weeds. There is however a risk 
with the use of seed-weeds as a proportion 
usually retain their viability. Heat of the 
material in outer layers of the heap is in- 
sufficient to kill all seeds, and even if they 
are turned in later, the thermal activity is_ 
by then so much reduced that a good many 
will probably survive. Addition of wood 
ash may counteract this to some extent as 
it tends to decrease acidity slightly and 
thus eliminate conditions otherwise favour- 
able for germination of weed seed. 


If weeds are gathered before seeding, this 
type of material is of some value, and when 
sufficient temperature exists, there can be 
no danger of weed growth being increased. 
It must be remembered at the same time 
that weeds alone will not produce a good 
type of compost. 


4. Moisten the material preferably with a hose 
or watering can, but avoid excessive 
watering. 


5. Add another layer of cattle manure and urine 
earth as available to a thickness of 6 inches. 
Where sufficient cattle manure or urine 
earth is not available, spread Sulphate of 
Ammonia evenly over the green material at 
the rate of 3 oz. per sq. yard of soft material, 
and 1 oz. per sq. yard of coarse material. 


6. Repeat with another layer of composting 
material 18” thick as described in Instruc- 
tion No. 3. 
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7. Continue to place alternate layers of compost- 
ing material and cattle manure, urine earth 
or Sulphate of Ammonia as described above 
until the desired height is reached remember- 
ing to moisten sufficiently each layer 
immediately it has been laid. The last 
layer shouldbe one of cattle manure, urine 
earth or sulphate of ammonia over which a 
layer of soil 3” in thickness may be placed, 


8. Care should be taken to arrange the layers 
of materials lightly one on top of the other. 
Pressure by trampling is unnecessary and 
must be avoided. The loose arrangement 
of the materials creates optimum conditions 
of adequate aeration and promotes rapid 
heating and breakdown of the material, and 
rapid shrinkage of the heaps will set in 
during the first part of the process. 


After care of heaps. ‘This consists of (a) 
Turning of the heaps and (b) Watering. Turning 
hastens decay by affording increased aeration and 
helps to destroy weeds and improves the homogeneity 
of the composted material. Watering is done to make 
up for moisture lost in the process. Watering should 
be done once a week up to the first turn. Thereafter 
at the second turn and third turn. Watering is also 
necessary when the temperature goes down, 


Ist Turn ‘This may be done onthe 14th day 
after the making of the heaps. They 
will be found warm in the middle. 
When turning, the partly decomposed 
mass should be stacked in the opposite 
‘ends of the heaps to permit of the 
maximum circulation of air. Thorough 
mixing is of great importance and 


' 
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sufficient water must be added to keep 
the heap just moist. On no account 
should it be made soaking wet. 


Ind Turn To be done after 1 month from charg- 
ing. 


3rd Turn To be done after 2 months from charg- 
ing. The composted manure may now 
be moistened and stacked in rectang- 
ular heaps about 10 feet long at base, 
9 feet at top and 3to4 feet high to 
ripen for one month. 


Testing. ‘The efficiency of the process can be 
tested by observation and without recourse to 
chemical or biological analysis. 


During the first month, fungi are engaged in 
breaking down the organic matter. The heaps should 
then contain white fungoid growth, and the tem- 
perature should be high. 


After the third week, the mass darkens rapidly 
and becomes crumbly, while there is a slight fall in 
temperature. Bacteria from now onwards take an 
increasing share in humus manufacture. 


If, at any time, fermentation stops and the heaps 
or pits cool, insufficient moisture is the most likely 
cause. 


A sour or an ammoniacal, or a sweet apple-like 
smell indicates congestion and semi-aerobic conditions. 
The remedy for this, is to turn the heap at once and 
to add more dung and ashes. 


The final product should have a rich earthy smell. 
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Application. It is best to use compost as soon 
as itis ready. For Tea the most suitable rate of 
application is about 10 tons per acre. The weight of 
compost normally varies from 40 to 50 lbs. per cubie 


foot according to the moisture content of the humic 


manure, 


It is obviously of advantage to arrange that 
application be made a few months after pruning in 
order to incorporate as much leaf-fall as possible with 
the Compost. The resulting activation of this 
material provides a very large and valuable addition 
to the bulk which goes into the soil. The product, 
when ripe, should be forked in with as little delay as 
possible in order to avoid the loss of Organic Matter 
and Nitrogen which would otherwise result. At the 
same time, application in very heavy Monsoon 


weather should, as far as possible, be avoided or | 


Humus will be washed away and be lost. 


If compost cannot be used as soon as it is ready, 
it will be necessary to store it up for use as and when 
necessary. Everything possible should be done to 


afford complete protection from the drying action of 


the sun and leaching due to rain. 
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FERTILISERS 


PLANT PROTECTION 


A. BAUR & CO., LTD., 


COLOMBO. 


fl TEA FERTILISERS 
{ of any description and specific mix- 
tures for all other plantation crops, 
i food crops, vegetables, flowers etc. 
{ Our PLANT PROTECTION SERVICE 
offers well known brands such as:— 


{ COPPER SANDOZ - for the control of Blister 


Blight 
AKAR 338 - controls mites without taint 
THIOVIT - for mite control in pruned 
and resting tea 
f INTOX <8’ - soil insecticide 
TILLEX LIQUID - seed and soil disinfectant 


fl DDT INSECTICIDES etc. 


as well as the famous BIRCHMEIER 
{ RANGE of SPRAYING & DUSTING 
f EQUIPMENT (‘ Mars’ knapsack ‘Ideal’ 
charge pump, ‘Senior’ & ‘Tip Top’ 
f sprayers, Mistral I & IIA dusters etc.) 


SPECIAL ADVISORY SERVICE 
All inquiries relating to planting, manuring, 


pest and disease control receive our most 
careful attention. Plant specimens and 
soil samples are examined free of charge. 


| A. BAUR & CO., LTD., 
P. O. Box 1, COLOMBO. 
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CHAPTER XV. 


COMMERCIAL FERTILISERS 


By judicious use of commercial fertilisers, fields 
could be permanently maintained in a satisfactory 
and economic condition. The bushes could be helped 
to develop strong and healthy frames with plentiful 
heads of foliage. On account of the steep and rocky 
terrains of Tea areas in general, digging forks are the 
chief means of successful cultivation and application 
of fertilisers and manures. It must be mentioned 
here that there is a fundamental difference between 
manutes and fertilisers. Correctly speaking, manures ~ 
include only bulky materials such as animal dung, 
farmyard manure, specially prepared compost, green 
manures etc. All other materials used for manuring 
or fertilising the soil are termed “ fertilisers’ including 
organic ingredients of manurial value. The term 
“artificial manure” is also misleading, and_ fertilisers 
or fertiliser mixtures should rather be called 
«Commercial Fertilisers”. All mixtures used in tea 
are therefore commercial fertiliser mixtures or simply 
fertiliser mixtures whether they contain organics or 
inorganics. The best time for the application would 
be just after the heaviest monsoon rains have fallen 
and are not likely to occur again for the season. 


Commercial fertilisers are sometimes divided 
into “Pruning Mixtures”, «General Mixtures” and 
«‘ Special Mixtures” although a suitable and properly 
balanced general mixture alone will in most cases be 
found satisfactory for continued application through- 


out the pruning cycle at intervals of 6 to 9 months. 
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Pruning Mixtures. Pruning mixtures accelerate 
the formation of a new growth of foliage after pruning. 
The new growth of leaf after pruning draws its nour- 
ishment from the wood of the bush in which are 
stored certain reserves of starch and proteids. As 
soon as new foliage has been formed, the bush once 
again commences to obtain its nourishment from the 
soil. The formation of new foliage and new feeding 
rootlets is simultaneous, and the pruning mixture is 
needed at this time to help the growth of new flush. 
Where recovery from pruning is short, the pruning 
mixture may be applied just before pruning. In 
medium and high elevations where the bushes take 
several months to recover from pruning, it is usual to 
apply the mixture just after pruning. 


Pruning mixtures contain a large proportion of | 


phosphoric acid which helps and accelerates root 
development, and contain sufficient nitrates to give 
nitrogen to aid growth of new flush and to heal bark 
over the ends of pruned branches. In this connection 
the fertilisers now used in Ceylon do not contain 
nitrates, but only Ammonium Salts (Sulphate of 
Ammonia). It has been found that under conditions 
prevailing in Ceylon Tea Estates, Sulphate of Am- 
monia is superior in its fertilising effect to Nitrate 
of Soda, for instance. Thisis probably due to the 
fact that the latter is too easily washed out and lost 
from the soil under the humid conditions prevailing 
in most tea districts. 


The use of pruning mixtures has in recent years 
decreased considerably because just before or just 
after pruning, the tea bush can make only very 
limited use of the nutrients provided. The uptake of 
nutrients from the soil depends, of course, to a great 
extent on the presence of a luxuriant foliage on the 
bushes; the more leaves there are on the bush, the 
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better and the more intensive is the uptake and 
assimilation of nutrients, plant food and water. For 
these reasons, it is not considered economical to apply 
fertilisers less than, say, 6 months prior to pruning, 
nor earlier than 3 months after pruning. In the case 
of cut across tea, or very light rim lung pruning, a 
small application of fertilisers soon after pruning may, 
of course, have beneficial results. 


General Fertiliser Mixtures. The time for 
the first application of a general mixture depends of 
course on the speed of recovery from pruning which 
is determined by the elevation of the particular 
district and may generally be made at about or just 
after tipping, that is when the bushes have again put 
on a fair cover of foliage. The utilization of fertilisers 
by the tea bush depends quite markedly on the length 
of intervals between manuring. As a general rule, it 
may be said that relatively small doses given at short 
intervals produce a considerably better response than 
large doses given at long intervals. In high yielding 
tea, intervals of 6 months may be considered the most 
suitable and economical especially in short cycles. A 
suitable distribution schedule for fertiliser applications 
would be as follows :— 


3 Applications in a 2 year Cycle 
4 99 22, 93 3 99 99 


i= 
3) 99 eb ede 3 4 99 99 


The above distribution allows intervals of 
approximately 6, 8 and 9 months between applica- 
tions. It is good practice to increase the doses 
from one application to another throughout the cycle 
by 5 to 10 lbs. Nitrogen per acre. The quantity of 
fertilisers to be applied per acre depends chiefly on 
the yields obtained, and consequently to some extent 
on the general appearance and vitality of the tea. 
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For average tea fields giving about 700 Ibs. made tea 
per acre per year, a dose of about 60.to 70 lbs. 
Nitrogen per acre per annum would be found adequate. 


Special Mixtures. It is sometimes considered 
advisable to apply a special mixture about six months 
before pruning to maintain the bush in a vigorous 
condition up to the time of pruning, and to ensure 
a quick return to plucking and also to prevent risk of 
die-back and deaths especially after a hard clean 
prune. This mixture contains proportions of 
phosphates and nitrates according to requirements 
and is applied in the same manner as pruning and 
general mixtures. 
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CHAPTER XVI. 


PLANT NUTRIENTS CONTAINED IN 
FERTILISERS, FREQUENCY 
AND METHODS OF APPLICATION 


The three main manure nutrients needed for the 
successful commercial culture of tea as are found in 
standard fertiliser mixtures are Nitrogen, Phosphoric 
Acid and Potash, and we shall deal with these major 
nutrients one by one. 


Nitrogen. Nitrogen stimulates the vegetative 
portions of plants such as leaves and stems. When 
available in sufficient quantities, it gives the 
characteristic green colour to plants and if present in 
abundance produces rapid growth. It has thus not 
only a direct influence on the production of flush, but 
is also essential for building up a generally healthy 
and vigorous bush. Nitrogen deficiency is indicated 
by yellowing and browning of the green portions. 
Nitrogen deficiency causes the plant to transpose 
some of the nitrogen from the lower leaves to the 
upper growing leaves. 


For average tea a quantity of 80 lbs. Nitrogen 
per acre per annum is certainly more than sufficient, 
but exceptionally good fields yielding more than 
1000 Ibs. of made tea per acre per annum are able to 
make good use of even higher doses. An appropriate 
dose of nitrogen for fields yielding about 1200 lbs. of 
made tea per acre per year would be about 95 Ibs. 


Although heavy doses of nitrogen induce heavy 
crops, many planters consider that in, recent year's 
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teas have shown a falling off in quality which is_ 
attributed to the excessive use of nitrogen. It is” 


quite certain that excessive doses of nitrogen depress 


the tannin content of the leaf and in this way make 
way for thin liquors and it is quite possible that in 
the same way the substances that make for flavour 
are also affected by too high doses of nitrogen. It is 
very important therefore to realise that balanced 
mixtures help to maintain quality of the finished 
product. In this connection, the T. R. [. Table showing 
Rate of Application of T. R. I. 488 and 500 Mixtures 
reproduced in this chapter is a sound guide. 


Phosphoric Acid. The presence of phosphoric 
acid stimulates root growth and the reproduction 
processes of plants. It is therefore important in 
getting a plant started well in the soil. Because of its 
importance in new plant life, the greatest concentra- 
tion of phosphorus is found in the seed and fruit 
portions even though this element is an essential part 
of every growing cell. Phosphorus deficiency is 
characterized by stunted appearance of plants which 
then contain an accumulation of nitrogen free com- 
pounds such as sugars and starches. Phosphoric acid 
promotes and encourages formation of feeding rootlets 
when generously applied during the early life of the 
tea plant, and later when the bush is recovering 
from pruning. Doses up to 30 lbs. per acre per 
annum have been found to give beneficial results. 
Increasing this quantity does not appear to give 
proportionate increases in yields which are not so 
great as the harvests which are obtained through a 
generous application of nitrogen. 


Higher doses of phosphoric acid may in fact 
prove disadvantageous as it is now generally recognized 
that phosphoric acid has a marked effect in promoting 
the growth of many types of weeds normally seen in 
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tea estates. Phosphoric acid makes for root growth 
and promotes the formation of root nodules in 
leguminous plants. It hastens maturity and tends to 
cause a plant to complete its life cycle rapidly. It 
also tends to promote flowering and is hence a useful 
manure for seed gardens. Excessive phosphoric acid 
may lead to early wooding up of young shoots and 
early flowering of particularly the China and hybrid 
varieties of tea. There is also some evidence that 
high doses of phosphoric acid may increase the stalk 
in tea as it favours the development of stems. 


Potash. Potash increases the vigour of plants 
and produces stronger and stiffer stalks, stems and 
wood. It is essential for many of the metabolic 
processes in the plant such as the formation of 
starches, sugars and carbohydrates. Potash also 
increases the resistance of plants to pests and diseases 
as well as drought. ® 


Symptoms of Potash deficiency may be summ- 
arised as follows :— 


1. Many vacancies in the field due to deaths 
from the effects of pruning will result. 


9. Continued shedding of the lower leaves 
resulting in bushes which carry only a few 
leaves at the top of each branch. 


9 Thin twiggy wood. 


4. Almost complete absence of any new flush 
growth. 


5. Pronounced marginal scorch on many of the 
leaves still remaining on the bushes. 


Bushes suffering from a deficiency of Potash 
appear backward and poorly developed due to the 
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premature defoliation of the lower leaves particularly 
towards the base of the plant. Branches which have 
lost their leaves in this way continue to form new — 
ones at the top, but as might be expected, the flush 
growth is considerably less vigorous than in a healthy 
bush. The lateral buds also fail to develop so that — 
the stems tend to remain unbranched. The leaves 
are usually dull green in colour and less glossy than 
the normal. When they are fully grown, the colour 
becomes darker still and may be replaced by a bronzed 
appearance, particularly along the margins and at the 
tips. These parts of the leaf eventually dry out 
completely and by their grey or brown colour give 
rise to the characteristic “scorched” effect. Often 
the drying out of the leaf margin is followed 
immediately by fungal attack and in fact typical 
grey blight (Pestalozzia) symptoms may sometimes 
be developed as a response to potash deficiency. 
In eevere cases, the leaves tend to be crumpled or 
curled downwards along the midrib in addition to 
showing the other symptoms. The roots of badly 
affected bushes are also abnormal being long and 
weak with relatively few lateral branches. Probably 
in the tea bush as in other plants, the symptoms 
of potash deficiency will be found to vary according 
to the available supply of nitrogen, and will thus be 
aggravated by heavy nitrogenous manuring. 


Potash, in the form of its soluble salts, is one of 
the essential elements for plant growth. It occurs 
chiefly in the young growing parts of the plant, and 
to keep these supplied a certain amount is normally 
withdrawn from the older wood and from the fully 
grown leaves, as they reach maturity. It is for this 
reason that a deficiency of potash is felt first by the 
older leaves; the effect is one of premature ageing due 
to the increased withdrawal of potash to the growing 
parts. Potash salts appear to exert an influence 
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especially on the water relationships of the plant and 
the ‘‘scorching” of the foliage from the margins and 
tips inwards is. believed to result from an inadequate 
uptake of water under conditions of potash deficiency, 


The relation between potash supply and the 
nitrogen economy of plants is very striking; a shortage 
of potash causes an accumulation of soluble nitrog- 
enous compounds in the leaf. Growth and assimilation, 
i. e., the manufacture of organic food materials, are 
quickly retarded by a deficiency of potash, but are 
also soon retarded by an excess over the optimum 
requirement, and this is probably the explanation of 
the decrease in yield sometimes resulting from the 
excessive application of potash fertilisers. 


It is true that potash is present in fair quantities 
in most Ceylon soils, but most of it is contained in 
rather insoluble silicates. The soluble portion appg¢ars 
to have been lost through lixiviation (the process of 
separating the soluble from insoluble material by 
washing or filtering action of rain, more commonly 
referred to as leaching), and through intensive 
cropping. Asa result of these causes, in recent years 
a noticeable potash deficiency has developed in a 
number of Ceylon districts. Consequently modern 
fertilisers contain higher proportions of potash than 
they did only a few years ago, and the response to 
potash manuring is quite spectacular in soils deficient 
in this element. Potash from the soil is constantly 
being removed in the form of flush and during pruning 
and through leaching. Therefore, it is wise agricult- 
ural practice to replace the potash so lost at a rate 
of at least 30 lbs. per acre per annum. Growth of 
young tea is greatly helped by heavy doses of about 
60 Ibs. per acre. On mature tea, the immediate 
effects of potash application are noticeable only to a 
small extent and the amount of potash to be applied 


( 228 ) 


per acre per annum varies according to the crops 
harvested. By analysing samples of flush and wood 
from the first four cycles of St. Coomb’s experiment, 
Dr. Eden arrived at the figure of 34 lbs. of potash 
being removed permanently either in the form of — 
flush and wood for each 100 Ib. of crop. On this basis 
the approximate potash deficiency of a particular 
field can be ascertained by use of the following 
formula :— 


Yield (made tea) x 35 . 3 
eceectaal ——— less Potash supplied, 


Potash Deficit = 
100 


The chief cause of potash deficiency at the 
present time is due to the war years and its 
aftermath during which there was an acute shortage 
of potassic fertilisers. In high yielding fields, the 
rate of potash depletion is higher and symptoms will 
first appear in them. Potash deficiency can also be 
tracéd to the heavy food crops grown during the war 
years in the tea areas. Several estates interplanted 
sweet potatoes and tapioca in the tea and took off 
crops at several tons per acre. Each ton represents 
approximately 14 lbs. potash removed from the soil. 


The answer to potash deficiency is simple. If 
adequate potassic fertiliser applications are given and 
if necessary the fields affected are rested until adequate 
cover of foliage has been restored and normal growth 
resumed, all will be well. Potash lengthens the 
period of vegetative growth and thereby gives a longer 
flushing period and helps old fields to keep flushing. 
Although in the case of many plants it increases 
resistance to disease, there is yet no evidence in this 
respect with regard to tea. Potash is usually added 
as the Muriate of Potash. 


_ Practical Limits of Application. The useful 
limits to which the three main manure nutrients may 
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be applied are well marked. As already stated, 
Nitrogen can be economically used up to 80 Ibs. per 
acre per annum provided the bushes are in good heart 
and are capable of assimilating heavy doses. The 
useful limit of phosphoric acid is 30 lbs. per acre per 
annum under average conditions where yields are 
around 600 lbs. made tea per acre. With regard to 
potash which is constantly being removed from the 
soil in the form of flush and pruned wood, a replace- 
ment at the rate at which it is removed must be 
made. It will be seen from the T. R. I. Table given 
in this chapter in respect of the T, 500 mixture that 
the rates of application of Nitrogen, Phosphoric Acid 
and Potash increase in direct proportion to the 
annual crop. é 

The Tea Research Institute of Ceylon recommends 
a routine mixture known as T. 500 or T. 488 (accord- 
ing to the strength of Muriate of Potash used) detailed 
below for Tea in bearing. This mixture is based on 
the Field experiments, exact chemical analyses and 
skilled scientific observation carried out by the 
Institute during the past 25 years. 


T. R. I. 500 Mixture. 


Sulphate of ammonia 320 Ibs. 

Saphos phosphate 105 

Muriate of Potash (50%) Uieoalp 
500 55 


' 7. R. 1. 488 Mixture. 


Sulphate of ammonia 320 Ibs. 
Saphos phosphate 105 5s 
Muriate of Potash (60 %) 63 » 
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From the point of view of plant nutrients there 
is no essential difference between these two mixtures, 
The difference is entirely a matter of availability and 
cost of 50% and 60% muriate of potash. The difference 
is so small that application rates are not practically 
affected. 


There are great advantages in the use of a 
standard mixture because fertiliser firms can supply 
it at short notice, and it should not normally be 
necessary to store it on the estate for a length of time — 
sufficient to require the incorporation of a conditioner. 
When a conditioner to prevent caking is considered 
desirable, the advice of the supplier should be sought 
in connection with the type, and the quantity of 
conditioner to be used. This will, of course, increase 
the cost of the mixture. At the present time it is 
cheaper to use the 60% muriate of potash. 


Where there has been a long history of potash 
starvation, the ‘T’. R. I. recommends one application 
with additional potash, but this is for the active 
treatment of a deficiency. Such deficiencies will not 
arise if T. R. I. 500 or 488 Mixture is used as a routine 
in adequate quantities. The guiding principle for 
maintaining soil reserves, and to ensure that there is 
always sufficient nitrogen, phosphate and potash to 
supply the demands of the bushes during periods of 
active growth, is to apply the mixture at 6 or 9 
month intervals in quantities sufficient to cover 
withdrawals of these nutrients in the form of crop. 
Every field must be treated on its individual merits. 
To manure a whole estate at one level is to waste 


manure in low yielding areas and to starve other 
potentially more productive areas. 
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*Rate of Application of T.500 or T.488 Mixtures 


2 


« 


Nitrogen Phos. acid _ Potash 


Lbs. 
21 


| 
| 


Annual Minimum pounds of mixt Minimum Rate of 
Crop SERTSER OS BEES Application per annum 
Shs: required annually. N 305 

Lbs. Lbs. Lbs. 
400 275 36 17 
450 300 40 19 
500 325 43 20 
550 350 46 22 
600 375 53 25 
650 425 56 26 
700 450 59 28 
750 475 63 29 
800 500 git 166 31 
850 525 69 33 
900 550 73 34 
950 575 76 36 
1000 600 79 37 
1050 650 86 40 
1100 675 89 42 
1150 700 92 43 
1200 725 96 45 
1250 750 99 46 
1300 775 102 48 
1350 800 105 50 
1400 | 825 i09 || ~O5l 
1450 | 875 115 | 54 
1500 | 900 118 | 56 
1550 | 925 122 57 
1600 950 125 59 
1650 | 975 129 60 
1700 | 1000 132 62 


a 


* T, R. I, Guide to the Manuring of Ce 


By Courtesy of the Tea Hesearca Tastitut 


ylon Tea (1955) 


e of Ceylon. 
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It may not be practicable to manure each field 


exactly according to its yield since the previous 
application. Compromise of some description will be 
necessary as the distribution of manure cannot be 
controlled to very fine limits. However, yield records 
can be referred to the above Table and the exact 
theoretical amount ascertained without difficulty. 
The amount actually applied may be adjusted for the 
sake of convenience in application, and any difference 
added to or subtracted from the next application. 
The total application for the cycle should, however, be 
fully adequate. 


Time and Frequency of Application. 
Climatic conditions and the age of the bush from the 
last pruning should be the guide in the preparation 
and execution of manuring programmes. Local 
experience is another important factor, and no hard 
and fast rules regarding the exact time of application 
can be made or adhered to, because Manuring is like 
ploughing, harrowing and other operations involving 
soil, a matter of opportunity and judgment. The 
availability of labour is also involved and the matter 
must be decided by the Superintendent himself. Tt 
is obviously impractical, apart from being undesirable 
to apply manure in very wet weather or in very dry 
weather. Manuring cannot be done efficiently under 
dry conditions. In fact it will result in considerable 
harm if it is attempted. At this time, the feeding 
roots are at a minimum of activity and those still 
active run the risk of being damaged by exposure to 
adverse weather. 


In high elevations, manure applied immediately 
after pruning is not effective because a clean pruned 
bush is unable to use the nitrogen supplied until it 
has developed a good head of foliage. Therefore it is 
an important point to remember that the first 
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application of manure after pruning should not be 
made until the bush has fully recovered from pruning 
and has put on an ample covering of leaves. With 
the light pruning now generally practised, this is 
usually about 3 months from pruning. Periods of 
longer than 9 months between two successive applica- 
tions of manure are not advised. This implies that 
the last application in a cycle should be not more than 
6 months before pruning if the first application in the 
following cycle is to be given 3 months after pruning. 
Nine-month intervals will be found satisfactory for 
fields yielding up to about 700 lbs. per acre, but for 
fields above this figure, applications at intervals of 
6 months are to be preferred. 


Frequency Table for Areas producing up to 700 lb. per acre. 
(3 year cycle). 


1st Application 3rd month after Pruning, 
2nd 53 (interval of gmonths) 12th _,, ns ” 
3rd o” o” ” 3) 2Ist o> Pe) ” 
4th ” ” ” ” 30th ” ” ” 
Prune 36th i, » last Prune. 
Ist Application ( _,, ‘s Fagen aR tcc heey ,, Pruning, 


Frequency Table for Areas producing above 700 |b. per acre. 
(3 year cycle). 


ist Application 3rd month after Pruning, 
and e (interval of6months) gth ,, ‘> Fs 
3rd Ae 3 as a RAL coe: : He 

4th * ‘f os ci 2ist™ 1, a - 

5th 6 i ss # a7th 4, 3 7 

6th ~ re me + 33rd “55 fa oy 
Prune 36th ~—sés, » last Prune. 


1st Application (interval of 6 months) 3rd month after pruning. 


For low yielding areas, that is to say, yields 
below 700 Ibs. per acre, the quantity to be applied 
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limits the frequency of application, because of the 
difficulty of spreading small quantities of manure 
uniformly. This difficulty may, to some extent, be 
overcome by incorporation of 10% by weight of coir 
dust in the manure which doubles the bulk of the 
mixture. 


Also in low yielding areas the cost of application 
becomes a considerable factor in the cost of produc- 
tion, and it is doubtful whether applications at— 
intervals more frequent than 9 months are in the long 
run economic. The interval between applitation at 
the end of one pruning cycle and the beginning of the 
following cycle, we may repeat, should not exceed 
nine months. 


. 
. 
. 


For fields above 700 lbs. per acre, the frequency 
of application should be increased as shown above 
and intervals between applications reduced to 6 
months. The first application in pruning cycles 
should normally be given as soon as the fields are 
ready for tipping and, where fields are vigorous and 
showing rapid recovery, should not exceed 3 months. 
There is no particular objection, especially during 
weather conditions favourable to manuring, to an 
application of manure as late as three months before 
the end of the cycle. In any case the interval 
between last and first application should not exceed 
nine months. The frequency of application must be 
planned according to the normal pattern of weather 
conditions, and designed to avoid application in very 
dry or very wet weather and involve some compromise 
adapted to meet varying conditions. 


In cases where yields are very high and well 
distributed the frequency of application may, with 
advantage, be increased to four month intervals. 
Some elastigity in the frequency of manuring, so far 
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as is permitted by estate routine is to be recom- 
mended. A period of exceptionally favourable growth 
in which exceptional yields have been obtained should 
be taken advantage of whenever possible and an extra 
application of manure given. 


Methods of Application. ‘The application of 
fertiliser mixtures is usually made in alternate rows 
of tea, the aim being to prevent any set back to the 
bush even temporarily by the unavoidable disturbance 
of the root system and accidental breakage of large 
roots which facilitates entry of various fungoid 
diseases. In actual practice, however, deep forking 
without root damage gives excellent results in the 
growth of the bush and production of flush. Shallow 

forking with application of fertilisers is wasteful. At 
least a minimum depth of 8” is necessary to ensure 
penetration of the nutrients to make them available 
to the feeding root system of the bush. 


Actual practice in the matter of application of 
manure varies, and all methods have their advantages 
as well as*disadvantages. With deep forking three 
methods of application of fertilisers are practised : 
(a) general broadcasting, (b) distribution over limited 
areas such as a half circle by the bush, (c) placing 
a stated quantity of manure behind every fold of 
envelope forking at the time of forking. 


General broadcasting. ‘Chis method has the 
advantage of getting the manure widely distributed 
and encouraging wide development of the root system. 
It also enables the Superintendent to see where his 
manure has gone. Misapplication of the standard 
rate is reasonably well visible. Its disadvantage 1s 
that with present systems of forking some appreciable 
proportion of the manure remains on the top. There 
is, however, no great danager of this being washed 
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away because the corrugated surface is a good 
hindrance, and with deep cultivation the movement 
of soil in heavy rain storms soon after application is 
not much. This method also results in a certain 
proportion of the manure being not deep seated, but 
as recent soil studies have indicated that it is 
undesirable to fork manure in too deeply, satisfactory 
results could be obtained by scuffling the manure as 
far as possible into the top few inches of the soil. A 
more satisfactory method of overcoming this dis- 
advantage is to combine whenever possible application 
of fertilisers with forking in of prunings, mulch or 
actual loppings. 


The half-moon and envelope forking methods. 
These methods are popular in the majority of tea 
estates the terrains of which are steep and where risk 
of erosion during torrential monsoon showers is a 
deterrent against general broadcasting of expensive 
fertilisers. The number of ounces of fertiliser mixture 
that should be applied to each bush having been 
calculated, a can or coconut shell cut suitably so that 
a full measure will hold the correct dose for each bush 
is given to the workers applying the manure. To 
prevent abuse or wastage strict supervision is required, 
and it must be seen that the worker bends low enough 
to spread the fertiliser in the shape of a half moon 
about a foot from the collar of the bush, and none of 
it is wasted by indifferent application whereby part of 
the manure gets strewn into the air and is carried 
away by the wind. The forkers follow these men 
and without applying the forks at too great an angle 
and at intervals of not more than six inches between 
each thrust, they will dig the earth to a depth of at 
least 8 to 10 inches right through the entire rows. 
As the forker comes to each bush he will place the 
fork just in front of the place where the fertiliser has 
been applied and having thrust it to a depth of about 
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10” into the ground, he must push the fork with a 
forward movement and open up pockets into which 
he will push in the manure with his foot so completely 
that no trace of it is left on the surface of the ground. 
The practice of drawing the fork towards the forker 
is not recommended as it invariably causes damage to 
the roots. After the manure has been pushed into 
the pocket the worker will fillit up with any green 
lopping or mulch as available, and by applying the 
fork about 6” behind the last thrust the envelope or 
pocket must be closed as completely as possible with 
another forward push of the fork. 


_ Under no circumstances, however, should both 
rows be deep forked at the same time as root 
breakage may cause a severe check to growth. One 
row may be deep forked at the first application after 
pruning and the alternate rows deep forked at the 
following application. Where soil erosion is not a 
problem, fertilisers may be scuffled into the top few 
inches of the soil. 


Acknowledging the fact that agricultural opera- 
tions are mostly a gamble on weather conditions, 
manuring should be timed, as far as possible, to 
anticipate sufficient rain to wash fertilisers down to 
the permanently moist zone in the soil layer. 
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CHAPTER XVII. 
ORGANIC AND INORGANIC FERTILISERS 


Organic fertilisers may be described as those 
which have their origin in organic matter such as 
vegetation, fish and refuse from animals. Inorganic 
fertilisers, on the other hand are those which are 
chemically or mechanically prepared and have their 
origin in minerals or which are obtained from the 
atmosphere. The organic varieties of manure cannot 
claim superiority over inorganic fertilisers. Organic 
fertilisers are expensive to purchase and to transport 
by reason of their bulk and weight. Moreover as the 
nitrogen content of organic fertilisers is small, large 
quantities will be needed to make up the correct 
dosage per acre. The organic and inorganic varieties 
of fertilisers which are in common use are listed below 
in alphabetical order and briefly described. 


Ammonium Nitrate. (Inorganic), This material 
is manufactured by passing Ammonia gas through 
Nitric Acid. It has a very high analysis of 30 to 
34.5 per cent. Nitrogen. Since half of the Nitrogen 
present is in the form of Ammonia and the other half 
in the form of Nitrate, Ammonium Nitrate is very 
quick acting and very soluble. Unfortunately its 
greatest disadvantage is that it is very hygroscopic 
and cakes badly, and until this disadvantage can be 
overcome, it will not be suitable for use in the 
Tropics despite its cheapness. 


Ammonium Phosphate. ‘Chis inorganic in- 
gredient contains 16 per cent. Nitrogen and 20 per 
cent, Phosphoric Acid. 
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Animal Meal. This is a complete fertiliser and 
is guaranteed to contain 7 per cent. Nitrogen, 10 per 
cent. Phosphoric Acid and 5 per cent. Potash. It 
is derived solely from animal residues with the 
exception of the addition of muriate of potash to 
bring the potash content up to the guarantee, no 
animal residues having such a high potash content. 


Basic Slag. (Inorganic). This is the residual 
material obtained in the removing of phosphorus from 
iron ores in steel manufacture which is subsequently 
finely ground. The phosphorus content varies from 
‘10 per cent. to 18 per cent. of P3205, and is highly 
valued for use on grassland. It is alkaline containing 
40 to 50 per cent. of lime (CaO) on account of which 
reason it is rarely used on Tea or Rubber but 
occasionally on Coffee. It is sometimes used in the 
establishment of leguminous cover crops for which it 
is most effective. It has also some Silica and small 
amounts of trace elements. 


Blood Meal. (Organic). This is usually sold 
on the basis of 11 per cent. or 13 per cent. Nitrogen 
and is a very expensive fertiliser. This material is 
collected from slaughter houses and 20 to 25 Ibs. 
of dried blood is secured from 100 Ibs. of liquid blood. 
The drying of the blood is done with or without the 
addition of other products used to assist drying such 
as lime, and the dried product is thereafter crushed. 


The Nitrogen is highly available and it has been 
claimed that this is the only fertiliser which can 
produce such an improvement in the quality of Tea 
that a taster could pick out the Teas and value them 
at an appreciably higher level. 


Bone Meal. (Organic). Commercially pure 
bone, raw, degreased or steamed, is ground or crushed 
to pass sieves of certain sizes. It contains 3 per cent. 


a 
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Nitrogen and 22 per cent. Phosphoric Acid, and is a 
very useful ingredient for Mixtures in the form of 
fine Bone Meal as it improves the physical condition 
and prevents stickiness. Although the coarser grades 
are still largely used in Ceylon for Paddy manure, 
because the plant foods are only slowly available and 
because of the very high prices prevailing, this 
practice is slowly dying out to be replaced by more 
effective and cheaper fertiliser mixtures. 


Calcium Cyanamide. (Inorganic). This is an 
alkaline fertiliser and is obtained by heating a mixture 
of limestone with coal in the presence of Nitrogen; 
sources of supply at present are Norway and Belgium. 
This material which contains not less than 20 per 
cent. Nitrogen isa very good drying agent and can 
therefore be used to improve the physical condition 
of those fertiliser materials which are subject to 
caking. It is toxic to plant foliage and is sometimes 
used as a combined Weed-killer and Fertiliser. It has 
given particularly good results when applied to 
grasses and legumes, and generally it is applied 
directly to the soil asa single fertiliser material or 
mixed with Basic Slag. Like Sulphate of Ammonia 
when applied to the soil a series of chemical and 
bacterial changes take place, resulting in Nitrogen 
gradually being available to the plant and thus 
Calcium Cyanamide is less subject to leaching. 


Castor Cake. (Organic). This commonly used 
organic fertiliser contains 3 to 4 per cent. of Nitrogen 
with still smaller percentages of phosphoric acid and 
potash. It is only used on the basis of its Nitrogen 
content, and its phosporic acid and potash contents 
are not taken into account when making up mixtures 
with this ingredient. After incorporation into the 
soil, it takes 3 to 4 months before it becomes suffi- 
ciently decomposed to be abs 

y p absorbed by the a 


~*~ | 


( 241 ) 


Commercial Epsom Sat. This is a source 
of water-soluble magnesium and it may be applied as 
a foliar spray or direct to the soil. It contains the 
equivalent of 16% Magnesium Oxide, MgO. 


Crushed Fish. (Organic). The Nitrogen con- 
tent of crushed fish now available is around 4 per cent. 
It has also a phosphoric acid content of 4 per cent. 
and it forms a valuable organic fertiliser in the 
tropics because under damp and warm conditions it 
decomposes in the soil very rapidly and is absorbed 
by the plants more quickly than is the case with 
other organic fertilisers. 


Fish Guano. (Organic). This is the residue 
after oil has been extracted from fish and is similar 
to crushed fish. The principal fish used are Cod and 
Herring, but Whale, Shrimp, Crab and Starfish are 
sometimes used. This material contains 7 per cent. 
Nitrogen and 6 per cent. Phosphoric Acid, the Nitrogen 
being slightly less available and the Phosphoric Acid 
slightly more available than those present in Bone. 


Hoof and Horn Meal. (Organic). This is a 
very high grade organic source of Nitrogen containing 
12 per cent. to 15 per cent. Nitrogen but is slower 
acting than Blood Meal. 


Kainit. Deposits are found 650 to 5,200 ft. 
below the earth’s surface in various parts of the 
world, and supplies at present come from France and 
Germany. Kainit is an impure source of Potash as 
it contains not only Potassium Chloride but also 
Magnesium Sulphate, and Magnesium and Sodium 
Chlorides. The Potash content varies from 14 to 
22 per cent. and the Magnesium Sulphate varies 
from 15 to 20 ‘per cent., and therefore where there 
ig a magnesium deficiency in the soil Kainit could 
be used for a double purpose. 
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Leather Meal. (Organic). Scrap leather from 
the manufacture of shoes and leather goods is ground, 
roasted or steamed to give an analysis of 6 per cent. 
to 11 per cent. Nitrogen. 


Muriate of Potash. (Inorganic). Sylvenite is 
a naturally occurring rock and contains a consid- 
erable portion of common salt. The sodium chloride 
is removed and Muriate of Potash is marketed in 
various grades, the high grades containing 50 and 60 
per cent. potash. Supplies at present are imported 
from France and Germany. 


Nitrate of Soda. (Inorganic). Contains 16 
per cent. Nitrogen in the form of nitrate and is there- 
fore immediately available, as nitrogen is absorbed 
by plants in this form. However, the Nitrogen 
content is liable to loss by leaching under conditions 
of heavy rainfall. It is relatively expensive com- 
pared to Sulphate of Ammonia and its use on tea 
estates in Ceylon is small compared to Sulphate of 
Ammonia. 


The Soda acts as a Potash saver in the economy 
of some plants and also releases a certain amount of 
soil potash for the use of the crop. Supplies from 
Chile are granulated and store and handle well, 


Poonacs or Cakes. (Organic) These are the 
residues which are obtained after the removal of oil 
from the commercially pure seed, i.e. castor cake, 
coconut cake, groundnut cake, rape cake, mowrah 
cake. They contain from 3 to 7 per cent. of N itrogen 
together with about 1 per cent. of phosphoric acid and 
potash but the Nitrogen only is guaranteed. 


Potassium Nitrate. (Inorganic). This is comm- 
only of Indian manufacture and can be obtained in 
* varying degrees of purity containing from 10-14 per 
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cent. Nitrate Nitrogen, and 30-46 per cent. Potash 
(K,0). It is a valuable highly concentrated fertiliser. 


Rock Phosphate. (Inorganic.) Deposits of Rock 
Phosphate are mined in many places, crushed and 
ground. Imports into India and Ceylon have been 
chiefly from Egypt. These materials containing 
about 29.5 per cent. Phosphoric Acid, are largely 
used in Ceylon for perennial crops since they are 
especially suited to Acid soils and to plants that have 
along growing season. The presence of Calcium 
Carbonate tends to decrease the availability of this 
material, while Ammonium Salts and Chlorides 
(especially Muriate of Potash) have sometimes been 
found to increase its availability. 


Saphos Phosphate. (Inorganic). This is a 
mineral phosphate mined on the coast of the Red Sea. 
It is very finely ground and has proved a very 
satisfactory source of phosphoric acid for many years 
on the acid tea soils of Ceylon. It has a guaranteed 
analysis of 29.5 per cent. Phosphoric Acid. 


Slaked Coral Lime. Slaked Dolomitic Lime. 
(Inorganic). These are produced by burning the 
original rock limestones in kilns which convert them 
to the caustic, burnt oxide form and, on slaking with 
the required amount of water, the products crumble 
toa fine dry powder, i.e. slakedlime. This substance 
continues to absorb carbon dioxide from the atmo- 
sphere and ultimately reverts to the same carbonate 
form as in the original limestone with the exception 
that it is now ina fine state of division. They are 
used to ameliorate soils which are too acid, for lime- 
washing and as a source of calcium and magnesium. 


Sulphate of Ammonia. (Inorganic). Ammonium 
sulphate for fertiliser purposes was originally a by- 
product of the gas industry but, in addition, it is now 
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made synthetically from the atmosphere in very large 
quantities. It is soluble in water but is readily fixed 
in soils containing clay or humus. It is normally 
taken up by most plants in small quantities in the 
ammonium form, the greater part being taken up 
after conversion to the Nitrate form by soil organisms, 


It contains 20.6 per cent. Nitrogen and is the 
most popular form of nitrogenous fertiliser in the 
tropics as it can be stored without appreciable change 
under the most humid conditions. Sulphate of 
Ammonia has proved a particularly suitable source of 
nitrogen for Tea, the sulphate radicle helping to 
maintain acid soil conditions which are considered 
desirable for the best growth of tea. 


It is also well suited for pineapples and paddy 
since although nitrogen in ammonia must be converted 
into the nitrate form before intake by most plants, 
these two crops are able to take up nitrogen without 
this intermediate conversion. 


Where soils are over acid or approaching that 
point, Calcium Cyanamide is recommended for 
alternative use as a corrective. 


Sulphate of Potash. (Inorganic). This is 
prepared from the Muriate by chemical means and is 
consequently more expensive. It contains 48 per 
cent. Potash and is a drier salt and produces in 
several cases a better quality crop, e. g., Tobacco and 
Potatoes. 


Superphosphate. (Inorganic). Ordinary Super- 
phosphate contains 16 to 20 per cent. soluble 
phosphate and is manufactured by treating Rock 
Phosphate with sulphuric acid, thus rendering the 
relatively unavailable calcium phosphate into a more 
available form, and at the same time removing the 
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toxic fluorine. There is present a small quantity of 
Calcium Sulphate (not present in'Concentrated Super- 
phosphate), which is considered useful under certain 
soil conditions. 


Concentrated Superphosphate containing 40 to 
45 per cent. soluble phosphates is manufactured 
by treating Rock Phosphate with Phosphoric 
Acid and is more commonly used since the higher 
plant food content makes for lower transport costs. 
Superphosphates are normally purchased from Belgium 
and Holland. This material being partially soluble 
in water is more rapidly available than Rock 
Phosphate and is generally used for Annual crops. 


Synthetic Urea. (Inorganic). This inorganic 
chemical fertiliser is manufactured from atmospheric 
nitrogen and hasa Nitrogen content of 40 to 45 per 
cent; Although it has the advantage of permitting 
nitrogen to be applied in small but highly concentrated 
quantities, its greatest disadvantage lies in the fact 
that it is strongly hygroscopic which makes this 
ingredient almost unsuitable for storage and application 
in tropical countries. 


Guaranteed analysis of the various Organic and 
Inorganic fertilisers commonly used are given in the 


following Tables : 
ORGANIC FERTILISERS. 


Guaranteed Minimum Analysis 


FERTILISERS. Nitrogen PROSPPOMC Potash 
| % % % 
Animal Meal ... cal 7 10 — 
Animal Meal (Special)... ‘| 10 5 
Blood Meal _... He A = -— 


Blood Meal see 3) bo fers — 
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Guaranteed Minimum Analysis 


FERTILISERS. Nitrogen eee Potash 
Bone: Meal a ae 3 22 — 
Castor Cake or Castor Mea 5 — — 
Crushed Fish ... 4 4 -—— 
Crushed Oil Cake 3 — — 
Fish Meal 4 4 — 
Fish Guano ... | 6 — 
Hoof and Horn Meal 13 — — 
Sterameal 7 10 5 


INORGANIC FERTILISERS. 


Guaranteed Minimum Analysis 


FERTILISERS. Nitrogen "POSPhONIC potash 
% % % 
Ammonium Nitrate ae 34.5 — 
Ammonium Phosphate —... 16 20 — 
Ammonium Phosphate —... 20 35 —- 
Basie Slag Aap cs on 19 ee: 
Calcium Cyanamide ay 20 a wale 
Hyperphospate wee 30 — 
Kainit vr Pas — — 19 
Mineral Phosphate ooo 29.5 a= 
Muriate of Potash it a ae 60) 
Muriate of Potash aa — — 50 
Nitrate of Soda ae 15.5 — — 
Potassium Nitrate e? 10-14. — 30-46 
Saphos Phosphate i. — 295 — 
Sulphate of Ammonia --- 20.6 —~ 
Sulphate of Potash __  o— — 48 
Super Phosphate (Ordinary) — 18 — 
Super Phosphate ( Concentrated) — 42 _ 


bylvinite oa rae — — 17-20 
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It must be appreciated that elements such as 
calcium and magnesium are, so far as is known at 
present, just as essential to the well being of the Tea 
bush as Nitrogen, Phosphate and Potash. Tea soils 
are in fact alarmingly low in their calcium and 
magnesium reserves. From the advisory point of 
view, the Tea Research Institute of Ceylon recom-: 
mends single applications of ground dolomite limestone 
at the rate of 5 cwts. per acre be given at least to all 
high yielding tea areas as a contribution to calcium 
and magnesium reserves as a precaution against 
possible deficiencies. 


References: Lamb, J., Portsmouth G. B., Tolhurst J. A. H. ‘‘A Guide 
to the Manuring of Ceylon Tea (1955) ’’. 


CHAPTER XVIII. 
MULCHING—ITS USE,AND IMPORTANCE 


Mulching should not be confused with green 
manuring. The purpose of mulching and that of 
green manuring are quite different. Mulching 
describes the act of covering the soil surface with a 
layer .of suitable material to prevent evaporation of 
moisture from the soil and to protect it from the 
beating action of the rain and wind and the scorching 
or baking effects of the sun. The main object of 
mulching, however, is to conserve moisture and to 
reduce soil temperatures during drought. It will be 
understood that if soil were exposed to the elements 
for any length of time, the top soil will not only be 
in danger of losing its humus content which it may 
have taken a long period of years to accumulate, but 
also runs the risk of being completely washed away 
in the course of a few years. For this reason adequate 
cover is very important. While the claims of ground 
covers as the best control measure against soil erosion 
cannot be disputed, the effect of mulch from trees or 
outside sources is no less remarkable, 


A mulch constitutes any material which is used 
for covering up the soil with the main object of 
withstanding the beating action of the sun, wind and 
rain, and in times of drought to prevent evaporation 
of moisture. Growing grass is not a mulch because 
it permits greater moisture transpiration to take place 
than a clean weeded area. The materials used for 
mulching vary greatly. Fallen leaves, cut Mana 
grass, Guatamala grass, loppings of all kinds, and 
unburied tea prunings all constitute mulch. 
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As adequate material will not be available in any 
once place in sufficiently large quantities to carry out 
mulching over a large area, heavy mulching, although 
desirable, is not always possible. A mulch of about 
6 inches thickness will be more than sufficient for 
practical purposes. Mulching slows down the growth 
of weeds, avoids the extensive use of weeding 
scrapers, and conserves moisture, the top soil and its 
valuable humus content. Where Mana or Guatamala 
grass is available in considerable quantities, such 
material should’ be used in preference to others. 
These grasses enable larger areas to be covered and 
remain whole and in fairly good condition without 
disintegrating for long periods. 


Excellent results are obtained by laying a mulch 
over a forked surface, but this must not be very 
thick, as it tends to encourage plants to thrust their 
roots upwards in their search for nutrients. Should 
this happen risk of root damage during deep cultiva- 
tion is considerable. 


A soil protected by a mulch allows very little 
run-off of water. The mulch by keeping the soil 
underneath porous, enhances its natural capacity for 
continuous percolation to such a degree that even 
richly supplied humus soils cannot equal. Mulching 
counters soil erosion effectively and preserves the 
underground water supplies for use in drought 
conditions. It also forms a non-heat conducting layer 
which protects the lower layers from evaporation. 
A mulch forming a good carpet such as afforded by 
thatching as already described with Mana or 
Guatamala grass or straw or similar material greatly 
reduces the temperatures which is a factor of great 
importance in new clearings and tea areas subject to 
long droughts. A good mulch will reduce surface 
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wash to such an extent that even under the heaviest 
rainfall, the run-off water will be found to run gin- 
clear, and there cannot be a more impressive 
demonstration of the value and importance of 
mulching than this. 


CHAPTER XIX. 
WEEDING 


The problem of weeds is one of the most vexed 
questions with which the planter has to deal. The 
policy of clean weeding as practised in Ceylon is 
rather extreme compared with the more moderate 
practises adopted in India. It is a well-known and 
fully authenticated fact that in both North and South 
India, the presence of weeds is tolerated to a degree 
that is unknown in Ceylon. The policy of using 
weeding scrapers for the removal of weeds and hard 
pruning pursued in Ceylon for years has been in fact 
a direct encouragement to rank weed growth. 
Scraping the soil surface as a means of eradicating 
weeds leaves the soil in a very favourable state for 
the germination of buried weed seeds. Years of 
cultivation and manuring and scraping have led, in 
any normal field, to the accumulation of vast reserves 
of weed seeds awaiting a favourable chance to 
germinate. Surveys of weed seeds on one of the older 
fields under T. R. I. experiment gave estimates 
varying from 52 to 108 million weed seeds per acre in 
the top six inches of soil. These figures though 
seemingly enormous compare very favourably with 
estimates from English arable land where weeding 
cannot be undertaken throughout the growing season 
for fear of damaging the crop. 


During the monsoon rains, the waters in the 
ravines and streams of any clean weeded estate in 
Ceylon present ample evidence of the amount of soil 
together with its nutrients that is being permanently 
lost. Since 1923 a determined effort was made by the 
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Department of Agriculture to arouse the interest of 
planters to the problem of soil erosion through 
weeding and other causes, Clean weeding was the 
accepted agricultural practice on both tea and rubber 
estates, but visitors to Java and India had been 
impressed by the steps taken in those countries to 
prevent soil erosion, and particularly by the more 
moderate view taken on the presence of weeds. In 
parts of the Anamalais in India for instance, the 
policy appears to defer weeding save for grass control, 
until the drier weather facilitated cheaper work. 
Weeding on these Indian Tea estates is normally 
carried out three times a year, the weeds getting 
rather out of hand during the wetter weather, but 
nevertheless it is sufficiently controlled to prevent 
grasses and noxious types of weeds from obtaining 
any serious hold. 


The propaganda campaign carried out by the 
Department of Agriculture met with a ready response 
in stimulating interest on soil erosion and in large tea 
and rubber plantations to experiment not only new 
methods of opening land and modifying drainage 
systems, put also to adopt a more moderate view with 
regard to weeds by the use of ground covers and 
cover crops to stifle the growth of weeds and at the 
same time protect the top soil from erosion. But in 
the majority of estates, however, the extreme view of 
clean weeding persisted and continued to be the 
accepted practice in spite of the cogent objections 
advanced against it. There are many schools of 
thought on this vexed subject and we may briefly 
summarise the arguments for and against clean 
weeding below :— 


Arguments against clean weeding. 


I. Soil erosion is enhanced on undulating or 
steep land, caused by wash in wet weather, 
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by scraping the surface of the ground 
during weeding operations and even by the 
wind in wind-swept districts. The process 
of weeding with scrapers loosens the surface 
soil to a degree sufficient to hasten the 
washing out of the fine soil fractions 
without effecting any marked amelioration 
in porosity. The surface water soon finds 
an impermeable layer and merely takes in 
its stride the loosened surface. On the 
occasion of the next weeding a further 
amount of soilis prepared for the erosive 
action of surface water. From this point 
of view clean weeding stands condemned. 


2. Clean weeding results in loss of humus which 
might be restored to the soil if weeds are 
allowed to grow freely and were then 
periodically forked into, or buried in the 
ground. 


3. Undue exposure of the surface to the rays of 
the sun in fine weather, results, in some 
districts, in the baking and caking of the 
soil. Soil denuded ofall cover promotes 
wind erosion in dry windy weather. 


4. The effects of leaching are greater in land 
which is clean weeded, as clean weeding 
promotes rapid losses of nutrients. Un- 
disturbed soil, however, whether covered 
with vegetation or not loses less nutrients 
than land disturbed through the use of 
weeding scrapers. 


Arguments adduced in support of the practice. 


1. The absence of any winter in Ceylon enables 
weeds to grow vigorously all the year round 
except in a few of the drier districts where 
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their growth is comparatively dormant 
during the annual period of drought. 
Weeds, grasses and undergrowth of all kinds 
would thus rapidly get out of hand, if 
allowed to grow unchecked for any length 
of time. 


bo 


A heavy growth of weeds would take up an 
appreciable proportion of the manure 
applied for the nourishment of the tea 
bushes, only some of which would be 
returned to the soil if the weeds were 
buried or forked into it. 


= 


In dry weather weeds freely transpire 
moisture through their leaves at a time 
when its conservation in the soil is of 
particular value to the tea plant. A clean 
surface, therefore, it is contended assists 
the retention of moisture in the ground 
during a drought. 


4. In some districts it would prove almost 
impossible in wet weather for the labour to 
pluck the bushes if weeds were allowed to 
grow freely owing to the myriads of leeches 
harboured by them, and estates that failed 
to weed clean in leech-infested zones might 
find it difficult to maintain adequate labour 
forces. 


As stated earlier, hard pruning in the past coupled 
with the effects of blister blight, has undoubtedly 
reduced the size of many bushes whereby more 
exposed soil has become ayailable for the growth of 
weeds. With an increasing area of the fields covered 
by weeds, competition has naturally increased and 
has again reacted on the vigour of the bushes. 
Increase of weed incidence is usually in proportion to 
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the decrease in the vigour of the bushes. However, 
with the ravages of blister blight well in check by 
the crop protection measures which have _ been intro- 
duced by the Tea Research Institute, and adoption of 
the much ligher style of pruning which the Institute 
has been recommending for some years past, the bushes 
generally are gradually taking an improved spread, 
and if this lighter pruning is persisted in and the 
bushes are efficiently protected from blister blight 
during their recovery period, there will be before 
long a fairly good cover of tea over most fields. Once 
a satisfactory cover has been restored then the 
problem of weeds will be reduced to almost negligible 
proportions. 


Even though an improved cover of tea does 
successfully crowd out weeds during the succeeding 
years of the cycle, it may well be expected that weeds 
will constitute a considerable problem during the first 
year of the cycle for many years to come. Owing to 
the heavy weed growth that has been developing in 
the past, there are undoubtedly millions of weed seeds 
still viable in the soil which when given suitable 
conditions to germinate such as those following 
pruning, these may be expected to come up in very 
large numbers. Obviously, therefore it is important 
that efficient weed control measures should be carried 
out during the first year of the cycle so that the weeds 
are prevented from seeding and perpetuating the 
problem. Once the numbers of weed seeds in the soil 
are reduced to a comparatively low level, then 
provided they are efficiently controlled, weeds should 
not constitute a problem at any stage in the cycle. 
Fortunately there isa very simple solution to this 
particular aspect of our weed problem and this is to 
thatch immediately after pruning. Thatching will 
not only keep the growth of weeds in check, but it 
will also serve the equally valuable . purpose of 


. + 
mp 


protecting the bare soil from the evil effects of hea 
rain and insolation. 
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Weed Control Measures. In the meantime 
there is yet no easy solution to the problem of dealing 
with existing weeds. None of the weed killers which 
have so far been tested by the T. R. I. can be safely 
recommended for use in mature tea. In any 
satisfactory system of weed management, there are 
two factors which must be taken into account :— 


(i) The weeds themselves absorb a considerable 
amount of plant food which should on no 
account be removed from the tea fields. 


(ii) No weeds should be returned to the field 
unless all viable seeds have been destroyed 
or else disposed of in such a way that they 
are subsequently unable to germinate. 


In practice, there would appear to be only two 
satisfactory ways of meeting the above require- 
ments :— 


(i) By collecting the weeds and composting 
them off the fields. This is a process which 
has to be done carefully if all the weed seeds 
are to be destroyed and any nutrient loss 
avoided. Composting must be done under 
cover to avoid loss of. valuable nutrients 
such as potash, due to leaching by rain, and 
care must also be taken to see that the weed 
piles heat up efficiently and the process of 
decomposition really gets going. This can 
be assisted by the use of a little extra 
sulphate of ammonia between the layers, 
Once it has been properly made, compost 
is completely safe and can be put in the 
normal way behind the fork. However, 
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composting is only recommended in the case _ 
of weeds in order to kill all viable weed 
seeds, since, however well done, there, is a 
very large loss of organic matter during 
the composting process which is thus 
extremely wasteful. 


(ii) The second method of disposal of weeds is 
to bury them green in pits in the fields. 
This again has to be done with care since 
the weeds must be buried at a sufficient 
depth so as not to be disturbed by 
subsequent cultivation operations and 
brought up to the surface when viable seeds 
will, of course, germinate. Accordingly, 
it would seem advisable that the topmost 
layer of weeds in a pit should be at least 
18” below the surface. This method again 
has considerable disadvantages, since weeds 
buried at this depth are unlikely to become 
directly available in the form of plant food 
to the tea bushes themselves. However, 
this method at least carries out the ideal 
agricultural practice of returning all our 
organic matter to the soil and it may be 
supposed that we shall get some future 
benefit through the medium of shade trees 
or bush green manure growth. 


Another method of dealing with the weed 
problem, practised in several places, is known as 
‘“‘selective weeding” whereby growths that might 
have a deleterious or toxic effect on the tea bush are 
removed, and so called ‘“ harmless” weeds only are 
allowed to remain until they can be forked into the 
soil. In theory this is an excellent solution of the 
question, but in practice it is difficult to work it 
successfully as so much has to be left to the judgment 
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of the weeding coolies. The main objections to this 
method of controlling weeds are raised from the fact 
that it permits greater moisture transpiration in dry 
weather, gives the property a very “dirty” 
appearance, makes the application of fertilisers 
difficult, and in the event of weeds going out of 
control, which usually results due to rush of crop 
or labour difficulties, the cost of bringing weeds under 
control is formidable. Selective weeding, in the long 
run, costs as much as clean weeding, and it is almost 
impossible to select a few particular species of weeds 
because sooner or later those selected give place to 
more dominant types. 


The solution of the controversy as to the merits 
or demerits of the practice of clean weeding might be 
found in a compromise whereby some form of low 
growing leguminous plant is utilised as a ground cover 
to stifle the growth of weeds and at the same time 
afford complete protection of the top soil from the 
agents of erosion. Such a cover for adoption in Tea 
estates must be one :— 


(a) which is leguminous 
(b) which does not climb the plucking surface 


(c) which does not possess a deep and tenacious 
root system, and 


(d) which can be easily eliminated if required. 


The only cover which meets all the above ends 
and which has proved satisfactory in scientific tests 
carried out over a period of years is Stylosanthes 
gracilis which has been fully treated under the section 
‘*Notes on individual Ground Cover Plants” in 
Chapter VII. Its advantages may be briefly summa- 
rised here for ready reference. 


_. Stylosanthes gracilis is a perennial legume, 
rich in protein, hitherto grown as a valuable fodder 
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crop. It is quite prostrate and this combined with 
its spreading habit makes it an ideal ground cover for 
tea. It is a magnificent soil and humus builder and 
greatly increases the earthworm population of the 
soil. It has only a single tap root which is not 
tenacious, and its runners only develop hairlike 
feeding villi, profusely nodulated, which enables the 
cover to be rolled back like a mat. It will not 
wind into the tea and runners which grow up can be 
easily pulled out from the base and laid in any 
required direction. When a thick cover is established, 
weeds are completely suppressed and there is neither 
wash nor erosion. 


The usefulness of this ground cover is of particular 
importance in areas where erosion has led to a 
condition of soil poverty which makes filling up of 
vacancies a very difficult task. Moreover in such 
areas, the large number of vacancies distributed 
unevenly over the entire area will not permit adequate 
cover of the ground through the spread of the bushes 
themselves for a long period of time. Stylosanthes 
gracilis has been adopted as a cover for tea in a large 
number of plantations in both India and Ceylon with 
great success, and it is hoped that the value of this 
ground cover as a check to rank weed growth will be 
universally appreciated so that in the course of time 
the abuse of the weeding scraper which has never 
been effectively controlled will be curbed. 
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CHAPTER XX. 


as PESTS, DISEASES AND CONTROL 


—— 


The Tea plant, wherever it is grown, is subject to 
attacks by diseases and pests of various kinds. The 
diseases attacking tea may be broadly classified under 
the following heads: 


1. Leaf diseases. 
2. Stem diseases. 
3. Root diseases. 


These diseases fall roughly into two groups (a) 
Physiological, due to deficiency or excess of some 
essential factor, and (b) Diseases caused by some 
pathogenic organism coming from outside. At 
present the physiological diseases attracting most 
attention are those due to deficiencies in potash, 
calcium, magnesium, copper, manganese, boron, 
molybdenum and zinc. Diseases caused by pathogenic 
organisms are wide and varied in character, and the 
greatest advance both in knowledge and in methods 
of treatment has been made in connection with the 
fungus diseases of tea. Most diseases originate in the 
jungle and are caused by many species of fungi which 
propagate themselves by means of spores. Fungi are 
a group of primitive plants better known perhaps by 
such common names as moulds, mildews, mushrooms 
and toadstools. The fungus normally consists of 
thin threads which often form a tangled mass, like 
cotton wool. The individual threads are termed 
hyphae and the mass, a mycelium. Sometimes the 
hyphae form very compact. bodies like mushrooms or 
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hard objects seen projecting from decaying tree 
stumps. More usually the threads form a very 
loose mass so fine as to be almost invisible. Being 

devoid of the essential green colouring matter, 
chlorophyll, they are incapable of manufacturing 
their own foods as green plants do, and being plants 
they have no power of locomotion and cannot move 
in search of food. They must grow where they fall 
as spores (seeds) and unless they fall on organic 
material suitable as food there is no possibility of 
their further growth. Their survival as species there- 
fore depends largely upon an ability to produce spores 
in gigantic numbers to ensure that some at least will 
reach suitable food. For instance, Zxobasidium vexans, 
(blister blight fungus) produces about one million or 
more spores per day from each white blister, and the 
number in any field at a time when the disease is 
prevalent is beyond computation and probably beyond 
comprehension. All fungus spores are microscopic 
and are carried in the air as fine dust which slowly 
deposits everywhere on account of which their complete 
eradication is virtually impossible. 


SECTION I 
LEAF DISEASES 


The leaf diseases common in Ceylon are Blister 
Blight, Brown, Grey and Copper blights so named on 
account of the characteristic discoloration of the leaves 
that takes place in each case, and Cercosporella Theae. 
In this chapter, however, we shall describe briefly the 
various leaf diseases which attack tea in all countries 
where tea is grown. 


Black Rot. (Corticium theae Bernard and 
Corticium invisum Petch). This leaf disease is of 
common occurrence in North East India though its 
incidence in Ceylon at the present time is not known. 
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It can be caused by either of the two species of fungi- 
Corticium theae and Corticium invisum. 


Symptoms. The first signs of an attack by Black 
Rot on the young leaves are noticed when weather 
conditions are warm and moist and in North East 
India such conditions occur between April and June. 
Numerous small dark brown irregular spots appear 
on the leaves and on close examination these parts 
of the leaf are seen to be collapsed and dead. The 
spots quickly run together to produce a dark brown 
patch which eventually spreads over the whole leaf. 
When wet, the patches appear black. Affected leaves 
drop off and wherever fallen leaves come to lie on 
green undamaged leaves, in a few days the dead 
leaves are found to adhere on the living leaves by a 
tuft of white or creamy threads of the fungus 
mycelium or by thin films of white mycelium. The 
living leaf soon begins to turn black and eventually 
it falls off and in turn infects other leaves. A 
badly affected area of tea isa depressing and un- 
pleasant sight with almost all the foliage brown and 
having a tattered appearance as a result of secondary 
attacks by grey blight and brown blight. The affected 
bushes recover slightly during September and may 
bear a small amount of crop. 


If young tea leaves are examined at the first sign 
of an attack it will be found that on the underside of 
the leaves there is a very fine web of white hair-like 
mycelium spreading over the surface. Like Thread 
Blight, Black Rot spreads over the lower surface of 
the leaf, but the mycelium is very much finer, Before 
the leaf turns black a white powdery appearance 
comes over part of the lower surface usually near the 
stalk, and this powder is composed of basidia or spore- 
bearing organs which produce Spores in great 
numbers. These basidiospores spread the disease from 
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bush to bush. The mycelium which grows over the 
lower surface of the leaves also spreads the disease 
from leaf to leaf. The fungus grows most rapidly 
when the temperature is high and the air is humid. 


Effects. The reduction of the effective leaf 
area prevents the plant from absorbing its full 
requirements of energy, and in the course of a season 
am infected bush produces about half its normal crop 
and in some cases none at all. 


Control. As the mycelium dies away in winter, 
control operations are commenced in December 
choosing the section due for pruning. When pruning is 
done, all prunings should be removed from the section 
whilst they are still fresh and full of leaf and burnt 
as soon as sufficiently dried. Shade should be 
controlled and thinned and fertilisers applied accord- 
ing to normal routine. In April the section is sprayed 
with a copper fungicide at a strength of 1 lb. to 40 
gallons of water, ensuring that frames and the under- 
sides of the leaves are sprayed. Should signs of 
Black Rot reappear, the infected leaves should be 
stripped from the bushes and such bushes sprayed 
twice at an interval of not more than three to five 
days between the spraying rounds. 


Blister Blight. (Hxobasidium vexans Massee). 
The fungus was described and named Hxobasidiwm 
vexans by Massee in 1898 from material sent to him 
from Assam by Mr. Watt where it was causing serious 
damage to tea. The disease (Blister Blight) was 
described in North India by Watt and Mann (1903), 
McRae (1910) and Tunstall and Bose (1921); in Indo- 
China by Du Pasquier (1933); and in Formosa and 
Japan by Sawada (1922). It appeared for the first 
time in South India and Ceylon in 1946. — 
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The disease first becomes evident on young — 


expanding leaves as translucent spots which later 
become conspicuous circular ‘blisters’, Normally 
the upper surface of the leaf becomes indented to 
form a circular pit and the lower surface protrudes to 
form the so-called blister. Some days later the convex 
surface of the blister on the under surface of the leaf, 
becomes white and velvety as the fungus is revealed 
by the splitting and removal of the leaf’s outer skin 
(the cuticle). Sometimes the convex surface of the 
blister is on the upper surface of the leaf; but the 
fungus still appears on the under surface in the 
concave area, Occasionally the fungus is seen on 
both sides of the leaf but the bulk of it is usually on 
the lower side. Young growing stems are also affected 
but they are never ‘blistered’ and the fungus appears 
on their surfaces as white velvety patches which 
make the stems appear thicker. Young stems are 
frequently bent and distorted. Later, the white 
areas turn black and dry as both fungus and plant 
tissues die and the dead tissues may fall out leaving 
a hole. Buds are also destroyed. The green outer 
case of the fruit is sometimes infected but the fungus 
has not been found on seeds. 


Most fungus parasites can be grown on media 
other than living tissues and so can be studied apart 
from their hosts. But Exobasidium vexans is one 
which will not develop fully on any known medium 
other than the living tea plant. The main body of 
the fungus is within the infected leaf or stem and 
lives there so long as the invaded tissues remain alive. 


The living fungus is visible to the unaided eye 
when it is producing spores. The outer surface of 
the leaf has then disintegrated and the fungus can be 
seen asa white sheet. Spores are formed in very 
large numbers over the whole of this surface which is 
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termed the hymenium. The fully grown spores are of 
microscopic size and about 10,000 can lie side by side 
without overlapping on an area one millimetre square. 
So long as an infected leaf remains attached to the 
_bush and the fungus is alive there isa continuous 
discharge of spores from the hymenial surface; but if 
the leaf is plucked, discharge soon ceases unless the 
leaf is supplied with water. The spores are so light 
that they fall slowly in absolutely still air and any 
small air current will carry them away. 


The spores donot begin to grow until they aré 
wetted and they germinate best in a minimum of 
water. A thin film of water is more favourable for 
germination than isa spot, and ideal conditions are 
obtained when water vapour condenses as dew around 
the spore. This is probably one of the reasons why 
the disease is often most prevalent in areas liable to 
mist and in hollows where dew forms early. 


The first indication that a spore has begun to 
germinate is the emergence of a thin tube from one 
or both ends of the spore. This may occur very soon 
after the spore is wetted. The germ tubes normally 
continue to elongate until they are equal to three or 
four spore lengths when each tube begins to enlarge 
at the tip to form a ball-like termination. These 
spherical bodies at the end of the germ tubes are 
termed appressoria. As the germ tubes and 
appressoria grow, a thin film of mucilage is formed 
around them causing them to adhere to the leaf or 
other surface. The next stage in development is the 
formation of a very fine thread at the point of contact 
with the leaf. This thread forces its way through 
the outer covering into the leaf not through small 
pores (stomata) in the leaf surface, but forcibly 
through the cell walls. 
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The spores are relatively short-lived and in the 
laboratory tests carried out by the T. R. I. at St. 
Coombs they normally remained viable for about a 
week, but freshly collected spores fail to germinate 
after exposure to direct sunlight or to a temperature 
of 35° C (85°F) for one hour. 


The disease is most prevalent during periods of 
little sunshine but its prevalence then is due more to 
other meteorological conditions, e. g. rain and mist 
which normally prevail during such periods than to 
the absence of sunshine and its disinfecting property. 
Shade trees, by limiting the amount of sunshine 
reaching the bushes, may thereby favour the 
occurrence of the disease but their importance in this 
respect may easily be overrated. The time taken for 
the fungus to gain entry into the tea plant is 8 hours 
under laboratory conditions with a temperature of 
about 20°C. From this observation it is apparent 
that a few hours of favourable conditions are sufficient 
to allow infection. Once the fungus has entered the 
host plant external climatic conditions are of little 
importance for its survival. 


It should be noted that spores are not formed till 
about 18 days after infection occurred. For that 
reason fresh blisters may be observed at times when 
the weather is fine and apparently quite unfavourable 
for the disease. One has, therefore, to consider 
climatic conditions about three weeks prior to the 
occurrence of the sporing blisters. Towards the end 
of the dry season fresh blisters are usually very scarce 
and difficult to find. Relatively few spores are in the 
air and very few find lodgment on suitable tissues. 
Most of them are killed by sun-light, by high tempera- 
tures or by old age as the spores normally do not 
survive more than a week or two. 
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All tea leaves and stems are not equally susceptible 
to attack by Exobasidium vexans. The older the 
tissues the less liable they are to infection. The most 
susceptible are the young leaves enveloping buds; and 
it is easier for the fungus to enter a first leaf (counting 
from the bud) than a second leaf. Usually infections 
do not occur on the third leaves. This does not mean 
that blisters are never observed on the third or older 
leaves. They are seen in such positions but the leaves 
were younger and much nearer the bud when the 
infection occurred. The interval of nearly three 
weeks between infection and the complete formation 
of a white blister must not be forgotten. In that 
interval several leaves may unfold. 


Moreover some bushes are more susceptible than 
others. Whenever the disease occurs, even mildly, 
certain bushes display numerous _ blisters while 
adjacent bushes are apparently free. On the other 
hand in heavy infections some bushes carry few or no 
blisters at the time surrounding ones are heavily 
infected. Such bushes should be sought for when the 
disease is very prevalent and the best of them 
propagated vegetatively for supplies. The importance 
of resistant stocks for supplies and replanting needs 
no emphasis. 


The fact that young tissues are susceptible 
whereas old leaves and stems are resistant affords 
the reason why the time of pruning is of great 
importance. The reason for the advice that pruning 
should be timed to obtain a dry weather recovery will 
be self-evident from the foregoing. The loss of young 
foliage and stems as a consequence of attacks by this 
fungus not only results in delay in cropping but may 
also result in the death of bushes unless they have 
abundant starch reserves. Successive defoliations 
would be disastrous. The aim must be to get a cover 
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of resistant foliage as early as possible but that can be 
done only at times unfavourable to the fungus. 


Control Measures. It is unlikely that eradica- 
tion or cure of Blister Blight will ever be possible. 
Bearing this in mind emphasis has to be laid on 
control. The more one sees of the disease the more 
evident is the effect of local conditions on its severity. 
For this reason control may only be achieved by a 
combination of several measures which may vary 
from estate to estate or even from field to field, 


The three main forms of control applicable are :— 


1. Protection of susceptible material with 
fungicides. 


Modification of existing agricultural practices. 


3. Establishment of Blister resistant clones. 


1. Protection with Fungicides. 


Copper fungicides have so far proved the most 
efficient as protection against blister attack. 
Whatever fungicide is used, the most suitable rate of 
application under T. R. I. tests has been found to be 
4 ounces of 50% copper fungicide per 10 gallons of 
water. 


Wet Spraying. 


Equipment. The equipment used on most 
estates is known as the pneumatic knapsack sprayer 
which is used in a battery of 8 to 12 sprayers in 
conjunction with a charge pump. For nurseries and 
for the spraying of individual bushes on undulating 
land where portability is essential, these machines 
have proved to be most efficient. The central charge 
pump is a simple combined Air-and-Water Pump and 
services the knapsacks with both air and spray fluid. 
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At the start of operations each knapsack is charged 
with air to 30 lbs. pressure; then spray fluid is 
pumped in to bring the pressure up to 75 lbs. It 
will be necessary, of course, to follow the Makers’ 
instructions with each different type of equipment. 
These pressures give approximately 23 gallons of 
fluid per tank or cylinder. 


In the knapsack cylinder itself, a rubber ball 
floats on the surface of the liquid, and when all the 
liquid is expelled, the ball seats on a valve and retains 
the original air pressure in the cylinder. Subsequent- 
ly it is only necessary to pump in the correct quantity 
of spray fluid’ which takes about a minute although 
the air pressure must be periodically topped-up. 


Field Organization. Good organization is very 
important and if efficient will materially reduce cost 
per acre. The work should be carefully planned 
bearing in mind that the charge pump should be kept 
as near the spraying labourers as possible. The time 
spent by labourers returning to the charge pump is 
time wasted and should be cut to the minimum. The 
question of water must be taken into account as the 
position of the charge pump will to a certain extent be 
determined by the availability of running water which 
can often be diverted down field drains to points 
where water is required. The best men and good 
supervision are necessary for this work. The optimum 
size of a spraying gang is probably about ten spray- 
ing men, two pump operators and a supervisor. One 
charge pump should be able to keep pace with as 
many as 12 spraying men but such numbers are 
rather a strain on the supervision. 


Labourers should spray two rows of tea each and 
on the flat areas it will be found most convenient if 
the whole gang spray long rows up and down between 
paths, or paths and boundaries. On steep slopes it 
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is easier to work by blocks between field drains and 


one or two labourers can spray short rows within each — 


block. With this method, the amount of clambering 
about is reduced to a minimum and there is less 
physical strain on the labourers. On exceptionally 
steep areas, it may be necessary for labourers to walk 
up first, and spray down the slope only. Apart from 
ease of working, this also ensures that each bush is 
sprayed from above and that the leaves receive a 
top cover. 


Spraying technique. The aim of low volume 
spraying should be to obtain a fine even cover of 
spray fluid on the susceptible leaf, and not to drown 
the bushes. The fine cover is best obtained b y hold- 
ing the lance a foot orso above the bush. If the 
lance is held too low, a patchy cover results. It is of 
importance to note that the tea leaf even when 
sprayed under conditions of heavy rain retains a 
proportion of copper, and this amount of copper is 
effective against blister blight as has been borne out 
in practice. 


This is a revolutionary development in crop 
protection technique and is of the utmost importance 
as far as the control of blister blight is concerned. 
If spraying had to be confined to dry weather, it 
would be quite impossible to carry out control measures 
inmany areas of Ceylon and South India and pro- 


bably quite uneconomic on areas where the rainfall - 


is less. Continuous spraying is recommended by the 
T. R. I. whatever weather conditions may obtain 
during the period of incidence. 


High winds tend to blow the spray away before 
it reaches the bush, and wind-drift must be 
counteracted by holding the lance closer to the bush 
and slightly windward. 


. — 


Photo by R. Gilliat. 
By Courtesy of the Tea Research Institute of Ceylon. 
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Low volume nozzles must be used which should 
give a forcing spray asin the case of the “Teejet”’. 
Very fine nozzles are not suitable as the spray 
produced drifts badly, even in light winds. 


Application Recommendation. Where 50% 
copper fungicides are used, the rate of optimum 
dilution is 4 ozs. to 10 gallons of water. Generally, 
mixing will be best carried out in a 20 gallon 
container in which case 8 ozs. of the fungicide will 
be used toa mixing. Suitable measures to contain 
the correct quantity of fungicide can easily be 
devised. 


The quantity of spray fluid to be used per acre 
will vary according to state of growth of the bush. 
In the early stages, 12 gallons to the acre should be 
found sufficient to cover new growth but after 6 to 8 
weeks the quantity applied should be gradually 
increased up to 16 or 17 gallons just before tipping. 
These figures are only a guide and hard and fast rules 
cannot obviously be laid down because so much 
depends on the size of bushes and the speed of growth. 
The real eriterion is ‘‘ cover”, and if the gallonage per 
acre is not sufficient to give this “cover”, the 
application rate should be increased. 


The first spraying should be given before any bud 
development is observed—normally about two weeks 
after pruning—and where possible it is advisable to 
carry out the first four rounds at 4 day intervals. 
Subsequent rounds should be at seven day intervals. 


Tea in Plucking. The principles outlined 
previously apply equally to the spraying of tea in 
plucking. The quantity of 50% Copper fungicide 
should again be 4 ozs. to 10 gallons of water but 12 
gallons of spray fluid per acre will be sufficient to 

"cover the plucking table. Spraying rounds can be 
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carried out at weekly or upto 10 day intervals and 
should take place immediately after plucking to 
ensure the minimum copper residue at the next 


_ harvest. 


Output. In the early stages of spraying it is 
quite within the powers ofa labourer to spray an 
average of 1} acres per day, though towards tipping — 
this may fall to about 14 acres. On the basis of 14_ 
acres per labourer, a gang of ten spraying men will 
spray 15 acres per day or approximately 90 acres a 
week, 


CARE AND MAINTENANCE OF CROP 
PROTECTION EQUIPMENT. At the end of the 
day’s work, each cylinder should be cleaned out and 
sufficient clean water pumped in to take the air 
pressure directly off the rubber ball. Many of the 
spray materials in present-day use are based on 
metallic compounds which possess some degree of 
corrosive action, and damage to sprayers can easily — 
occur if machinery is put in store without being 
properly cleaned and freed from traces, of these 
corrosive elements, At the conclusion of the spraying 
season it is most important to see that all machinery 
is properly cleaned and flushed through with fresh 
water, spraying hoses, lances and nozzles disconnected, 
cleaned and stored separately and working parts of 
pumps thoroughly cleaned and greased before storing. 
It is important to note that rubber washers and ball 
valves do not respond to oil or grease which damage 
the rubber and care should be taken not to apply oil 
to these components. Pressure gauges should be 
removed and stored in a safe place and it is important 
to remember that  pressure-retaining knapsack 
cylinders should not be put away with air pressure 
remaining in them, or the retaining valves will, 
suffer. 


e 
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Before the commencement of the spraying pro- 
gramme, equipment should be assembled and tested 
in good time to ensure that all items are working 
satisfactorily, all washers and valves are present and 
correct, pressure gauges are registering correctly, and 
hoses, lances, nozzles and joints are free from leaks. 


During spraying operations particular attention 
must be paid to the care and maintenance of the 
pressure-retaining knapsack batteries as carelessness 
in handling may easily lead to accidents. COM- 
PRESSED AIR IS DANGEROUS, a fact too often 
ignored and casualties have occurred through foolish- 
ness or lack of care or knowledge on the part of 
operators. It is most important that the manu- 
facturer’s recommendations for the handling of the 
sprayers are studied, understood and explained, and 
on no account should attempts be made to charge 
containers with air pressures or liquid contents in 
excess of those recommended by the manufacturer, 
and it is important to remember that these recom- 
mendations vary with different types of knapsack 
and what is correct for one particular make may 
easily be wrong for another. Onno account should 
the safety devices incorporated in knapsacks be 
tampered with and ifthe copper foil safety discs or 
other mechanisms need replacing they should be 
replaced with the correct spare obtained from the 
supplier. It will be an additional safety precaution 
if central charge pumps are fitted with a relief valve 
which will operate as soon as the desired pressure has 
been obtained. 


To prevent internal corrosion of knapsack 
containers they should be flushed through with four 
or five gallons of clean water every day after use, 
and when stored for the night three or four pints of 
water should be left in the container to relieve 
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pressure on the rubber ball valves as already 
mentioned. 


Regular maintenance and inspection of the 
equipment to ensure cleanliness and proper operation 
is most essential and pressure gauges should be 
checked weekly to ensure that they are registering 
correcty. 


Method of hydraulically testing containers. 


1. Inthe case of containers fitted with safety 
devices, the foil discs should be removed and 
a solid metal disc substituted. 


to 


The pressure gauge should be removed and 
the container connected to the pump. 


3. The container should then be pumped full of 
WATER until the water flows through the 
pressure gauge aperture. 


4. Screw ina special pressure gauge reading up 
to 300 Ib. per sq. in. which can be obtained” 
from the suppliers. Make sure that NO AIR 
WHATSOEVER REMAINS IN THE 
CONTAINER. 


The pump should then be operated with the 
charge pump lever turned on to “ Water” 
until the pressure gauge shows a reading of 
200 lb. per sq. in. | 


Vt 


As long as there is no air in the container there 
is no danger in raising the pressure up to 200 Ib. per 
sq: in. as weaknesses will reveal themselves merely 
by water leaks in the container and there will be no 
explosion or fragmentation. It is not advisable to 
test at pressures over 200 lb. per sq. in. as the extra 
stress may cause weaknesses or distortion to develop 
in the containers, 200 lb. per sq. in. pressure is a 
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satisfactory test for all purposes as under normal 
working conditions sprayers are rarely charged above 
110-120 lb. per sq. in. whilst other types are operated 
at much lower pressures. 


On the conclusion of the test it is important to 
remember to replace the foil safety disc in the 
containers fitted with such safety device, and not 
leave the solid metal disc in position. It must be 
emphasised that spraying machinery is expensive and 
to get the best out of it the highest possible standard 
of handling and maintenance is required. Efficient 
crop protection is largely a matter of efficient 
organisation and efficient equipment, and for this 
efficient maintenance is most important. 


DUSTING. 


Finely ground substances such as china clay or 
kaolin, and french chalk or tale may also be used as 
vehicles for copper fungicides, and dusting with them 
affords efficient protection against blister blight. The 
processing is carried out in such a way that the 
copper compounds adhere to the carrier medium and 
float in wind currents and eventually adhere to plant 
foliage. This method is particularly valuable when 
difficulties in regard to water supply and labour 
shortage make spraying impracticable or very 
expensive. | 


Dusting permits a great saving in labour and 
does not require water haulage; supervision is reduced 
to a minimum by the simple technique involved, and 
the great distance ranging from 400 to 500 yards to 
which the dust is carried in high wind is another 
advantage. In fact it has been found by repeated 
tests and trials that the best dusting is done in high 
wind under which conditions copper deposits have 
been carried to distances of 500 yards. Rain (apart 
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_ from torrential showers during which dusting is not 
possible) is an advantage in that it tends to settle 
the dust. Similarly mist. would also help to a certain 
extent. 


There are several proprietary copper dust 
formulations having copper contents varying from 2%, 
to 6%. In practice it has been found that applications 
of 6 lbs. per acre of 4% copper fungicidal dust at 
intervals of 7 days carried out immediately after 
plucking, give adequate protection against blister 
blight on tea in plucking. 


On tea recovering from pruning, until recovery is 
well established applications of 5 Ibs. of 6% copper 
fungicidal dust per acre every 5 days have been found 
to give excellent results. Once recovery has been 
established, 4% dust applied at the rate of 6 lbs. per 
acre every 7 days is recommended. The degree of 

control secured thereby will be as good as that by 
Spraying on 7 days rounds. 


With regard to Dusting Machines, there is a wide 
variety available and choice must be made to suit 
local conditions. For average conditions, the hand 
operated type which is light in construction and 
efficient in use will be found very suitable. 


2. Crop Protection by Modification of 
Existing Agricultural Practices. 


It is possible to reduce the potential damage due 
to Blister Blight by suitably modifying or merely 
altering the times at which certain agricultural 
practices are carried out. The more important ways 
ae this can be done are briefly outlined 

elow :— 


Pruning. By far the most effective method so 
far discovered to minimise blister blight damage is 
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adjustment of the time of pruning so as to ensure 
that recovery takes place during the driest and most 
mist-free period of the year. No definite pruning 
dates can be laid down since climatic conditions vary 
so greatly from district to district and indeed from 
field to field on the same estate. In this connection 
therefore the local knowledge of the Superintendent 
is of the greatest importance. 


The main point to remember about choice of 
pruning dates is that blister blight infection must be 
at a minimum during the whole period from bud 
break to tipping. What is essential is that the bush 
must have been able to acquire a good canopy of 
healthy mature leaves before infection builds up. 
Then since mature leaves are relatively immune to 
blister blight, the bush will have a good healthy 
undercover of foliage which should keep it going 
throughout most of the pruning cycle. It will be 
of course not always possible to prune all fields due 
for pruning at the same time. Here again the local 
knowledge of the Superintendent is of great import- 
ance since he can so arrange his pruning programme 
. that those fields worst attacked are pruned at the 
optimum time, while the less badly attacked can be 
pruned either a little before or afterwards. 


Since the advent of blister blight it has been 
found that shortage of carbohydrate reserves to be 
increasingly in evidence and bearing this in mind, 
hard clean pruning which has a debilitating effect on 
the bushes and a deteriorating effect on the frames 
should be modified and some form of lighter pruning 
such as rim-lung pruning adopted to give the bushes 
- better chance of early recovery. és 


Tipping. Owing to the limited length of the 
comparatively free period from blister blight infection, 
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early tipping is obviously advisable. In so far as it 
is compatible with the above recommendation, it may 
well be desirable to top somewhat higher than normal 
so that the maximum amount of healthy undercover 
foliage may be preserved for the bush. -In other 
words, healthy mature leaves should not wantonly 
be removed at tipping as it is unlikely that they can 
be subsequently replaced. 


Plucking Policy. There is an interval of 
approximately 7 days between the unfolding of each 
flush leaf. It will be seen that this observation has 
considerable relevance in what follows. Blister Blight 
attack on tea in plucking may be divided into two 
phases in each of which a different plucking policy 
should be followed. ‘These phases are (a) Leaf attack 
only and (b) Stem and leaf attack. 


(a) Leaf Attack. In the absence of any stem 
attack, a leaf even if blistered, is likely to remain 
attached to the bush and provide a certain amount 
of assimilating area which will help towards the 
bush’s maintenance. Accordingly there is no reason 
to depart from the normal plucking procedure of 
taking 2 leaves and a bud and leaving the 3rd leaf and 
fish leaf for the bush, but plucking should be carried 
out at more frequent intervals. From what has 
already been said, it is evident that the 2nd leaf from 
the bud may increase in age from about 14 days to 
21 days before it becomes the 3rd leaf and thus no 
longer pluckable. 21 days is quite sufficient for a 
white blister to appear but 14 days is rather too short. 
However, by shortening the interval between plucks, 
a large proportion of younger flush will be taken each 
time with a consequent improvement in the quality 
of the leaf entering the factory. ' 


(b) Stem and Leaf Attack. This is much 
more serious since the whole shoot is liable to be 
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destroyed if left. While the attack maintains its 
severity, therefore, there is little advantage in leaving 
any such attacked leaf for the bush since it will 
almost certainly be rendered useless as a consequence 
of the stem attack. Accordingly in this case only, 
and only for the duration of the attack, it is reeommend- 
ed to pluck to the fish leaf. By so doing the shoot 
when plucked will be about 7 days younger on the 
average and therefore less likely to have succumbed 
to the stem attack. In other words it is preferable 
to pluck immature flush rather than let blister blight 
take it. As this is a drastic remedy, it is imperative 
that when the attack has. died down, the bushes so 
plucked should be rested for a few rounds in order 
that they may make up for all the leaf surface which 
has been lost. 


Manuaring. Good health is largely a matter of 
good nutrition, and it is very important therefore 
that adequate manure is available for the bushes to 
make all the growth they can when such growth is 
possible. Badly attacked fields will require slightly 
more manure ona yield basis than unattacked fields 
since account must also be taken of the nutritional 
elements required to build up the tissues destroyed 
by blister blight. 


Control of Shade. Heavy shade is a_ factor 
predisposing to Blister Blight infection. This is 
because it delays the early morning sun reaching the 
bushes and dispelling dew and mist, thus permitting 
humid conditions suitable for infection to persist. 
Too much importance must not be attached to the 
influence of shade since in most areas conditions 
suitable for infection only occur during the monsoon 
when the presence or absence of shade can have 
little effect. In these areas the beneficial effects of 
properly controlled shade far outweigh any possible 
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losses due to increased Blister Blight attack. By 
control of shade is meant judicious thinning and 
pollarding of overhanging branches with the object of 
letting the sun in as early in the morning as_ possible 
and thus reducing the length of time during which 
infection is possible. Shade control does not mean 
ruthless felling of shade trees which policy if adopted 
will bring about disastrous results in the course of a 
few years. 


3. Crop Protection by Establishment of Blister 
Resistant Clones. 


Vegetative propagation, without doubt provides 
one of the most promising long term ways of reducing 
Blister losses toa minimum. The general methods 
of vegetative propagation have already been fully 
treated in an earlier chapter to warrant description 
here, but a few words concerning the right type of 
material for selection may not be out of place. 
The essential qualification required of a good mother 
bush is that it shall continue to yield well even 
during a severe Blister Blight attack. Considered 
rather more fully, this means that the bush must be 
not only of a vigorous high yielding type but must 
also display a considerable amount of Blister resi- 
stance, as otherwise it would fail to yield during a 
severe attack. This then is the obvious time to 
select mother bushes for propagation. Of course, in 
addition, any selected bush must also be a good 
rooter in the nursery and capable of producing good 
- quality tea. Selection against Blister Blight is still 
in its infancy but such experience as already gathered 
indicates that there should be plenty of suitable 
material available on most estates provided it can be 
discovered. It should be noted that it will be a waste 
of time to look for completely immune bushes. Such 
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bushes are comparatively rare and even when found 
prove in most cases to be of poor jat and low yielding 
types. It will be more profitable to look for the 
types that display a considerable degree of resistance 
and continue to yield plenty of good pluckable flush 
during a severe attack of Blister Blight. 


Brown Blight (Colletotrichum camelliae. Massee) 
Grey Blight (Pestalozzia theae. Sawada.) 


These two leaf diseases are fairly common on 
growing tea. Both can be recognised by the brown 
dead areas of varying size in the affected leaves. 
Sometimes the greater part of the leaf is killed. 
When the leaf is attacked by Brown Blight, its surface 
is brown with small black spots scattered over the 
surface. The Grey Blight has the leaf surface 
discoloured with irregular concentric rings of small 
black spots 0.1 cm.apart. Typically, Grey Blight 
differs from Brown Blight in that the dead tissues of 
leaves affected by the former gradually turn grey, 
whereas in the latter they remain brown and become 
so brittle that pieces fall out leaving the veins with 
fragments of dead leaf tissue attached. These 
differences are not very reliable, and the identification 
of the fungi on the diseased leaves is usually necessary 
for definite determination. Pestalozzia theae Sawada 
is the fungus associated with Grey Blight, and 
Colletotrichum camelliae Massee with Brown Blight. 
Very often both fungi are found in the same dead 
zone, and as the dead tissues are usually brown the 
disease is called Brown Blight whether the fungus 
Pestalozzia is present or not. 


Spores of both fungi are very abundant in the air 
of any tea field, and they are deposited as dust on the 
leaves. Nevertheless very few leaves become diseased. 
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The reason is that both fungi are very weak parasites 


of tea, better adapted to saprophytic than parasitic — 


existence. A saprophyte isa living organism which 
feeds only on dead material whereas organisms which 
can get some or all their food from living bodies are 
termed parasites. In all probability neither fungus is 
capable of obtaining its nourishment from living cells 
of a tea leaf unless the cells are so damaged as to be 
moribund. The diseases appear on weak leaves and 
the fungi are able to invade only those cells whose 
resistance has been lowered by injury. Cells invaded 
by Exobasidium vexans lose their resistance against 
Colletotrichum with the result that the latter fungus 
often follows the former into leaves. When 
Colletotrichum enters the leaf it kills the damaged cells 
quickly and this stops any further growth of 
Kxobasidium and the invaded | areas’ blacken 
prematurely. So far as is known, Colletotrichum does 
not penetrate beyond the cells invaded by Exobasidium; 
the damage is notextended. This secondary invasion 
very markedly reduces spore production and 
consequently the incidence of Blister Blight, though 
not sufficiently to be regarded as an effective control. 
Once normal health and vigour of the bushes have 


been restored, the brown or grey blight rapidly 


clears up. 


Cercosporella Theae Petch. Cercosporella 
disease was first observed by Petch in 1909 and he 
later described the fungus which caused it as 
Cercosporella theae. Recently, the fungus has been 
transferred to another genus Candelospora and its 
correct name now is Candelospora theae (Petch) 
Wakefield. Cercosporella disease occurs in two forms. 
The first, which is commoner and less destructive, can 
be recognised by the young leaf being spotted and 
corroded. The spots are small, 3.5 mm. in diameter 
brown in the centre and reddish or dark brown at the 
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edge, and may be very numerous. The apparent 
corrosion is due to the leaf being attacked and small 
areas killed before the leaf has expanded. As the 
undamaged parts expand the dead areas fall out and 
leave irregular holes somewhat suggestive of insect 
damage. 


The second form is more severe and is charac- 
terized by defoliation. The incidence of the presence 
of the disease is dependent on two factors (1) 
persistent mist and (2) the presence of Acacia 
decurrens or certain other trees. The form of the 
disease depends mainly upon the duration of the mist. 


Where A. decurrens is intergrown with tea and 
the area becomes enveloped in mist with relatively 
short clear intervals, the young leaf becomes severely 
spotted. During wet weather, afew spots may be 
seen on young leaves in fields where no Acacias are 
growing and where mist is not prevalent, but the 
damage is then so small as to be of little or no 
importance. But the disease cannot be ignored when 
mist and Acacias occur together. The young leaves 
may then be as badly spotted as to be useless for 
manufacture. Each spot probably results from a 
spore infection. The leaf retains its normal green 
colour and does not become pale. 


Where the mist persists for weeks on end—a 
somewhat unusual occurrence—the effect is different. 
The acacias shed their leaflets which fall on and 
adhere to the tea leaves, both young and old. Hach 
infected leaflet acts as a food-base from which hyphze 
grow as a fine web over the surface of the tea leaves. 
The disease then appears not as spots but as large 
diffused patches on old as well as young leaves, and 
often the whole leaf becomes diseased. At this stage 
the bush sheds the diseased leaves, and may be 
completely defoliated. 
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The chief measure of control lies in the direction 
of eliminating Acacia decurrens as a shade tree and 
growing other types which do not promote this 
disease, 


Copper Blight (Laestadia theae Rac.) This 
disease is common in N. E. India although it is 
little known in Ceylon. It originates about the time 
when the tea bushes are tipped. Its presence is in 
evidence when numbers of fully expanded leaves 
twist or bend over, the tips curving towards the stem 
or downwards and exposing about half of the under 
surface of the leaf to direct light. The light green 
underside of the leaf rapidly turns copper brown, and 
affected leaves are most conspicuous. Later, the 
leaves become straight again, the brown patches 
becoming invaded by Brown or Grey Blight. Even 
in India Copper Blight is not considered to be a 
serious disease of tea and is mentioned here purely 
as a matter of academic interest. 


Red Rust. (Cephaleuros parasiticus Karst. ) 
This is yet another disease of young tea stems and 
leaves and where it occurs it is found to be trouble- 
some. It is brought about by a small parasitic 
plant an alga, Cephaleuros parasiticus, thus being 
distinct from most other tea diseases which are the 
result of attacks by fungi. The algae are a group of 
primitive plants provided with chlorophyll and there- 
fore do not have to live as Saprophytes or parasites. 


Cephaleuros parasiticus, however, has acquired parasitic ° 


habits—a very unusual occurrence amongst algae— 
and appears frequently as a parasite of tea, 


Old tough leaves of many tropical trees and 
shrubs, including tea, often carry on their surface a 
number of small plants which live epiphytically. An 
epiphyte is one which grows on another plant without 
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deriving any nourishment from it. The epiphytes on 
tea leaves appear as small flat discs of different 
colours and the red ones are usually Cephaleuros. 
Cephaleuros parasiticus usually gives up the epiphytic 
mode of existence and becomes a parasite on the leaf, 
as may be seen from the death of that part of leaf 
immediately below the alga. If this were the only 
damage, it would hardly be worth mentioning, but 
the alga also occurs on tea stems and is therefore a 
more serious parasite. 


Cephaleuros fruits on both stems and leaves. The 
fructifications take the form of small red hairs each 
terminating in a small knob of spores. They resemble 
small red pins stuck upright into a flat pin cushion. 
This brief description might apply equally well to a 
few other organisms (fungi). Mistaken identity is 
unlikely, however, if the red patch occurs on dead 
areas of leaves or on parasitised tea stems. 


The parasitised stems are very easy to locate 
because their leaves are variegated, green and white or 
green and pale yellow, and they are usually situated 
around the perimeter of the bush. The stems usually 
bear large patches of the alga easily recognisable when 
fruiting. The reason for the leaves becoming varie- 
gated when the stems carry this alga is not known. 


Cephaleuros appears to be unable to establish 
itself on vigorously growing branches. For this 
reason the disease is usually said to be one of weak 
bushes. That is true up to a point as the disease 
appears worst in bushes growing in poor soils. Poor 
drainage, shallow soil, Jack of manure and any other 
condition leading to poor growth will favour the 
disease. | 


But diseased branches are to be seen in vigorous 
bushes and in fields where the bushes are otherwise 
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in good condition. The whole evidence there, is 
against the soil conditions being in any way unsatis- 
factory or the bushes being undermanured. A careful 
examination of the diseased branches will usually 
disclose the presence not only of Cephaleuros but also, 
below the region occupied by the algal parasite, a 
canker suchas is caused by Macrophoma. The canker 
provides the clue to the problem. The algal parasite 
establishes itself on a weak branch, not necessarily 
a part of a generally weak bush. 


Where the disease results from adverse soil 
conditions attention must be given primarily to their 
amelioration. More often, in Ceylon, the trouble 
lies in the bush itself and then particular attention 
must be paid to pruning out the cankers, caused by 
parasites on the smaller stems. The disease is most 
prevalent at altitudes where the bushes cannot safely 
be clean pruned. Where cut-across methods of 
pruning are used, there is little opportunity of cleaning 
the bush of its diseased branches. This makes 
necessary a periodical pruning on some such system 
as the “rim-lung’’ prune which allows a_ better 
cleaning of the bushes. Close attention to the removal 
of cankered branches will do much to eliminate this 
algal disease. 


Rim Blight or Marginal Necrosis. The 
characteristic symptoms of this leaf disease are the 
edges of immature leaves turn pale yellow, partic- 
ularly between the veins, and cease to expand and 
later turn brown and shrivel up eventually turning 
black. During the process the centre of the leaf in 
the area of the midrib has continued to expand 
normally so that the leaf becomes curved, the midrib 
being arched and edges being dragged downwards. 
The dead edges of the leaf are rapidly attacked by 
brown blight and Cladosporium herbarum, which are 
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secondary and not responsible for the condition which 
is believed to be due to calcium deficiency or when- 
ever anything happens to upset the plant’s calcium 
metabolism. 


After an attack of rim blight, tea bushes recover 
normally. Successive leaves produced appear quite 
normal in shape. No treatment is so far known 
which will prevent the appearance of rim blight or 
which will bring about its disappearance. Where it 
has occurred, care should be taken in succeeding 
years to avoid heavy application of manure in a single 
dose especially if the manures contain nitrate of soda 
which has been found to produce symptoms of rim 
blight. This disease although of frequent occurrence 
in N. E. India, is not much knownin S. India or in 
Ceylon. 


Sooty Moulds. (Meliola sp., Capnodium sp., 
Melitha sp.,) This name is given toa black film of 
mould which sometimes appears on stems or the upper 
surfaces of leaves. This film of mould is superficial 
and its presence can usually be related to the presence 
of scale insects nearby. The leaves are covered 
partially or entirely by the black film with a more 
or less powdery appearance. The film can be rubbed 
off the leaf quite easily and then the normal undamaged 
surface again becomes visible. Usually the leaf is 
undamaged, but the film prevents the sunlight 
reaching it and to that extent the fungus is harmful. 
When dry, the black sheet cracks and later flakes or 
peels off the leaf. 


The fungus feeds on the secretions (honey dew) 
of insects. Where it falls on a leaf a somewhat sticky 
patch is formed on whica, if a spore finds lodgment 
there a sooty mould grows. Sooty mould is most 
prevalent during dry weather when the insects abound, 
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and especially, when Gliricidia trees or Tephrosia 
candida form the shade or green manure. Then, 
nearly all the foliage of bushes below the Gliricidias 
is blackened by the fungus, and that sometimes 
occasions alarm. The remedy is to get rid of the 
insects by spraying or lopping. Thereafter the sooty 
mould soon disappears from the tea leaves, being 
washed off by rain. 


Thread Blight. This is primarily a disease 
common to tea growing in North East India. The 
way in which it reproduces itself other than by 
vegetative spreading has not yet been discovered and 
so far no scientific name has been assigned to the 
fungus which causes the blight. 


In appearance the disease is very similar to Black 
Rot, except that the white mycelial strands of the 
fungus are thicker and more conspicuous so that 
affected bushes are easily noticed. Thread Blight has 
a similar effect on tea leaves to Black Rot except that 
the dead leaves do not stick to others as with Black 
Rot, and often remain attached to the stem by the 
thick strands of the fungus even after they have 
withered. 


-This disease is not known in Ceylon and is 
mentioned here as a matter of academic interest. 
Control measures are the same as those described 
with regard to Black Rot. 
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SECTION 2 
STEM DISEASES 


The commoner stem diseases of Tea are described 
in this section in alphabetical order for easy reference. 


Branch Canker. (Macrophoma theicola Petch.) 
The term ‘“ Canker” is applied to a particular type of 
injury usually caused in the following way. An area 
of bark is killed by a parasitic fungus and then the 
activities of the fungus diminish or cease. The 
normal processes of stem thickening continue except 
beneath the dead zone and this results in the 
formation of a slightly sunken area. The dead bark 
may fall out and leave the wood exposed, though 
often the bark persists for some time. The healthy 
bark around the wound thickens as a callus is formed, 
and this tends to emphasise the depression. Callus 
is the new tissue or protecting cover of living cells 
over wounded or exposed wood. Often the callus is 
killed by further activities of the fungus, and this 
prevents the healing or the covering of the wound. 
Typically then, a canker is a dead area with exposed 
wood surrounded by a callus. 


A canker results from two opposing forces. On 
one side is a parasite capable of entering and killing 
living cells, and on the other, a resistance which 
prevents the fungus from extending rapidly through 
the surrounding tissues. If there is no resistance, the 
fungus continues to grow, killing the tissues and 
extending the dead area. 


The fungus which commonly causes canker on 
tea stems, mainly at low elevations, is Macrophoma 
theicola Petch. The fungus probably gains entrance 
into a stem while green and before a corky protecting 
layer is formed init. By the time the stem is red, a 
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small elongated patch of bark is killed. At this stage 
the activity of the fungus appears to be arrested and 
a callus begins to grow from the edge of the wound, 
but it never grows very far before it dies and a second 
callus starts to overgrow the first. Sometimes even 
a third callus is to be seen, but none ever reaches as 
far as the previous one. So the canker enlarges 
slowly, but no very great damage appears to be done. 
Occasionally, though very rarely the bush appears to 
fail to put up its normal resistance and the fungus 
then invades and kills a very much greater .area of 
bark without the typical cankers being formed. 


Cankered branches should be removed when the 
bushes are pruned, partly on hygienic grounds to 
prevent further spore formation and dissemination, 
and partly because they weaken the branches to an 
extent that they lose resistance against other 
parasites. 


Botryodiplodia (Botryodiplodia theobromae.) 
Although this disease attacks weakened roots, 
especially those deficient of reserves on poor wet soils, 
it commonly invadés weak stems and weak leaves. 
The fungus Botryodiplodia can also live on dead plant 
tissue and is easily the most common invader of dead 
snags on the frames of bushes. Affected stems have 
streaky bluish discolouration in the wood, and the 
fructifications of the fungus appear as minute black 
specks on the surface of the stem which are not pointed 
like those of Aglaospora (Thorny Stem Blight ) q. v. 


The cause of the disease is attributed to a 
deficiency of food reserves, and it is therefore one of 
_ weakness and starvation. Adequate rest to enable 
the bush to build a complete canopy of foliage and 
provision of manures to improve the vigour of the 
affected bushes are steps in the right direction to 
effect a cure. But prevention of the disease lies in 
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adoption of types of pruning which ensure that 
sufficient foliage is left on the bush to enable it to 
elaborate enough food for immediate requirements. 
Two such pruning methods in common use are known 
as “ Rim-lung” pruning and “Cut-across” pruning 
q.v. As a general rule it may be assumed that 
bushes growing above 3500 ft. may, without undue risk, 
be deprived of their leaves when pruned provided 
they have been regularly and adequately manured. 
But below this elevation, the risk increases in pro- 
portion to the decrease in altitude. 


Hypoxylon (Hypoxylon asarcodes (Theiss) Mill. ) 
This is a disease of tea stems and roots, though not 
very common, is similar to Aglaospora (Thorny Stem 
Blight) q. v., inits effect on the tea bush. It isa weak 
parasite which is thought to enter the bush through 
pruning cuts. The bark of affected branches turns 
black and irregular black lines, similar to those 
produced in roots by Ustulina zonata (charcoal stump 
rot, q. v.) appear in the wood of the stems. The 
bases of the branches and the collar become black 
and smooth as if lacquered. | 


Affected bushes when found should have the 
diseased wood cut out and burnt. If the disease 
has reached the roots the bush will quickly die, and 
should be uprooted. ) 


Moss and Lichen. It is very common to find, 
particularly on poor sections of tea, the stems of 
many bushes to be covered with mosses and lichens. 
Sometimes this growth is so thick that the wood 
cannot be seen. As the stems of a tea plant increase 
in diameter, the living cortex and bark are constantly 
being rejuvenated by the activity of the cambium 
and the cork cambium. The outer cells are constantly 
being replaced and cast off a few cells at a time. 
Spores of mosses and lichens constantly fall on to the 
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stem and begin to grow. On normal and vigorous 
stems, they do not get very large before they fall off, 
but where the stem is in the so-called ‘ hide-bound ” 
condition, and is increasing comparatively slowly in 
diameter, the mosses and lichens become established 
and rapidly cover the stem. 


Repeated skiffing and light pruning, lack of 
cleaning out, over-plucking and exhaustion are the 
contributory causes of this condition. The remedy is 
to have a fresh start by giving the bush where the 
elevation permits a good clean prune, or a “ Rim-lung ” 


prune in lower elevations cutting below “ knots” or - 


pollards if they have formed through constant 
pruning to a short mark, followed by a proper clean 
out in which dead wood and dead branches are taken, 
and the frames are treated with a caustic wash. 
With the much lighter type of pruning generally 
adopted in all elevations at present with little or no 
cleaning out from the centre of the bush, removal of 
moss and lichen particularly from bushes where the 
branches are numerous and small is becoming 
increasingly difficult. This difficulty and the burden 
of cost can be greatly minimised by either lime-wash- 
ing the bushes or treating them witha caustic wash 
as already mentioned. The operation can be made 
simple and efficient by the use of standard knapsack 
type of sprayers equipped with special nozzles and 
sieves to prevent clogging. 


A caustic wash may be made by mixing 28 Ib. 
washing soda or 10 lb. soda ash with 8 Ib. burnt lime 
and 40 gallons of water. This mixture is suitable for 
application by hand with suitable brushes as burnt 
lime is not suitable for spraying. 


Lime-washing by means of sprayers is best carried 
out using an imported lime called *‘ Limbux” 
Hydrated Lime manufactured by Messrs. Imperial 
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Chemical Industries (Export) Ltd. This is a high 
quality product and finely graded and therefore it is 
not necessary to filter the mixture before use. An 
application rate of 13 - 2 cwts. of this lime mixed with 
100 gallons of water per acre will be found adequate 
for badly affected bushes and where the moss is only 
slight, the concentration could be reduced to 1 cwt. 
per 100 gallons water per acre. 


Locally produced lime is unsuitable for spraying 
as it will clog the nozzles. It may be used with 
suitable brushes, and the application rate will be 4 cwt. 
local lime to 100 gallons of water per acre. 


Nectria (Nomenclature under review). Nectria 
is a fungus disease of tea stems which is primarily a 
wound parasite and which spreads from place to place 
by minute airborne spores. Whenever bark becomes 
damaged, Nectria spores can infect the wound and a 
stem infection can develop. This disease is not 
known in Ceylon or in South India though it is of 
common occurrence in N. E. India and Assam where 
hailstorms are frequent and when they do occur 
cause severe damage to growing tea. The impact of 
hailstones on the bark of the bush results in pieces of 
green wood being torn out, leaving ragged edges and 
also results in extensive bruising of the soft outer 
tissues of the stem. 


When a spore of Nectria falls by chance ona 
damaged stem, it germinates and begins to grow in 
the bruised tissues. Spreading quickly beyond the 
damaged area, the hyphae of the fungus quickly 
reach the undamaged parts of the stem and grow in 
all directions from the point of penetration. The 
invaded green outer tissues of the stem turn 
brown and quickly die. This can easily be verified 
if a small piece of the bark is peeled off with a knife 
when those tissues permeated by Nectria will be seen 
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to be dark brown, and the normal healthy stem 
is a greenish white. The mycelium may continue to 
grow right down to the root killing the bush. 


Efficient control of Nectria is obtained by spray- 
ing with an approved copper fungicide immediately 
after hail damage has taken place paying particular 
attention to damaged frames. All damaged stems 
should be cut out and the cut surface treated with a 
fungivide immediately after the cut. 


For a complete description of this disease, the 
reader is referred to Chapter IV of the very useful 
and instructive handbook ‘*Tea Pests and Diseases 
and Their Control” by E. Hainsworth. 


Pink Disease (Corticium salmonicolor B. & Br.). 
One of the commonest and most destructive stem 
diseases of tropical trees and shrubs is Pink Disease 
caused by the fungus Corticitum  salmonicolor. 
Occasionally it occurs in tea seed bearers growing 
near jungle, but very rarely it is found in plucked 
bushes. 


The disease gets its common name ‘from the pink 
color of the fungus growing on the surface of attacked 
stems, and this character makes the fungus easy to 
recognize. The pink encrustation often has numerous 
minute cracks init usually at right angles to each 
other; the sheet then appears as though covered with 
a strange script. 


The fungus penetrates the bark and interferes 
with the water supply to the leaves above the infected 
area, with the result that death of the branch follows. 
Any branches seen to carry the fungus should be cut 
off well below the pink encrustation and burnt. 


fie (Portia hypobrunnea Petch). When 
branches of a tea bush are damaged, they become 
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liable to attacks by Poria hypobrunnea with the results 
described under ‘‘Sun-Scorch” and the death of the 
tea bush a few years later. Under the heading of 
branch damage come the following examples :— 


(a) Bad pruning, e. g. careless chopping off 
branches and splitting them. 


(b) Wrenching off dead branches. 


(c) Failure to trim broken and damaged tea 
branches after felling old shade trees. 


(d) Breaking off of branches which had been 
damaged as a result of 


(1) cattle trespass and (2) severe hail. 


These faults can be avoided by the application 
of two principles whenever a branch is removed from 
a bush in any way: 


(i) Always remove a damaged or dead branch 
at the base so that a stump of dead wood is 
not left protruding as a possible source of 
infection, 


(ii) Never cut, break or saw mature wood on a 
tea bush so as to leave a jagged or rough 
surface. The rough surface should be 
trimmed off smoothly with a knife. 


Dead branches found on bushes at pruning time 
should always be removed and if they have already 
partially broken off, the stump should be cleaned up 
with a knife. 


Sun-Scorch. It is not generally recognized how 
very susceptible to injury from direct sunlight are tea 
leaves, particularly young ones when they have 
become accustomed to shade, and so are branches of 
pruned tea. When shade is removed gradually, the 
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leaves undergo a change which protects them against — 


sun injury, but if it is removed suddenly the damage 
to young nursery plants may be very extensive. When 


vigorously-growing tea is pruned and hot rays of the 


sun fall directly on to the upper surface of newly- 
exposed branches in the lower part of the frame, the 
bark of such branches may die in patches. Often 
sun-scorch of this type takes place when there has been 
rain followed by very hot sunshine, so that the bark is 
**steamed ” off. After a few months the old bark falls 
off, exposing bare wood, and in time this bare wood 
may become covered with a fresh coating of re- 
generated bark which is formed by vigorous callus 
growth from the edge of the scorched area. Sometimes 
sun-scorched patches on branches may die and they 
are then liable to attack by Poria hypobrunnea. This 
is a slow-growing fungus disease which starts on dead 
wood and once established slowly kills out living wood, 
travelling slowly down the branch to the collar so that 
the branch eventually dies. In succeeding years it 
spreads from the collar to other branches until any 
time from 8 to 15 years after the original sun-scorch 
the bush has no branches left and dies. The original 
cause of the trouble, sun-scorch, is thus long lost sight 
of by the time the death of the bush occurs. Besides, 
Poria hypobrunnea, other diseases suchas M acrophoma 
and Aglaospora may infect branches damaged by sun- 
scorch and cause them to die back. 


Sun-scorch does not normally occur on medium 
pruned tea where the tea is well shaded. The danger 
of sun-scorch can be reduced if the prunings are piled 
up on top of the bushes. Of course, this should not be 
done where there is risk of fire and where the bushes 
are known to be affected by Black Rot or Thread 
Blight. The damage can also be reduced if a caustic 
wash as described under the heading “Moss & Lichen” 
18 applied after pruning with the primary object 
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of promoting increased bud-break in the months 
following. 


Thorny Stem Blight (Aglaospora  aculeata 
Petch.) This fungus apparently enters the tea bush 
through pruning cuts, and so far as is known it cannot 
gain entry into the bush except at a wound. It is of 
common occurrence mainly in higher elevations. The 
fungus attacks the wood and the infected wood shows 
characteristic faint black star-shaped marks in it 
about 2 mm. in diameter. The bark on the surface 
of affected stems has small black projections on it 
which gives the fungus its name. It is easily re- 
cognised by passing the fingers lightly over the 
surface of an affected stem when the projections may 
be easily felt even though they are not directly 
visible. 


The fungus Aglaospora aculeata although sapro- 
phytic in character has also slight parasitic abilities. 
Living organisms are classified according to the 
nature of the materials they use as food. Those 
which feed only on dead material are termed 
saprophytes; others which can get some or all their 
food from living bodies are termed parasites. A. 
aculeata, because of this power, is able to get ahead of 
its purely saprohytic competitors and kills the living 
cells. This causes the death of the invaded branch 
or of the entire bush if the decay is in the main stem. 


The disease cannot be distinguished from ordi- 
nary wood rot until the infected branch or bush dies. 
By the time that happens, the fungus is fruiting in 
the bark. ‘The fructifications are easily recognised as 
the black thorny projections which are easier to feel 
with the fingers than to see as stated earlier. 


If the disease is recognised before the bush is 
dead, any attempt to save it by pruning out the 
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infected parts is inadvisable. The whole bush should 
be uprooted and burnt to avoid all risk of further 
spore production. 


Wood Rot. Wood Rot is generally caused by 
saprophytic fungi (vide Thorny Stem Blight) but 
sometimes fungi with parasitic abilities reach the 
wounds and establish themselves there. Ustulina 
zonata which normally causes a root disease, is one. 
Another is Aglaospora aculeata Petch which causes 
Thorny stem blight. 


Many fungi can feed on wood, but few can get 
that food so long as it is within an unwounded living 
tree, because the wood is covered and protected by a 
mass of living cells through which most fungi cannot 
penetrate. But when a tree is felled or a branch cut 
off, the wood is exposed and fungus spores may find 
lodgment in it. After the spores have germinated, 
the fungi even though they have no power of 
parasitism, will grow unhindered if they are able to 
use wood as food, because much of the exposed wood 
is dead. The part which is alive and functions in 
the transport of water, is near the exterior, the 
central part of the cylinder being dead. A growing 
branch increases in girth annually owing to the 
formation of new wood cells on the outer surface 
on the existing wood, and these carry on the work 
of water transport as the older cells cease to function. 


The natural process of healing a wound is slow, 
and it is very slow in tea. What is meant here by 
healing is formation of a new protecting cover of 
living cells over the exposed wood. This new tissue 
is known as callus. It begins to form at the edge 
of the wound and gradually creeps in towards the 
centre, until the cover is complete. Such complete 
covers may be found over relatively small wounds 
in a tea bush but rarely over large wounds, measuring 
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WOOD ROT. 


By Courtesy of the Tea Research Institute of Ceylon. 


. Vertical branch, hollow. 

Section through a vertical branch to show position of rot and its extent. 
Section through horizontal branch showing rot near the upper surface 
Horizontal branch with rotted cavity in upper side. 
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‘several inches in diameter. A wound made trans- 
versely across a stem, like the normal pruning cut, 
heals more slowly than a longitudinal one as made 
when a branch is cut off at its point of origin, flush 
with the parent branch. For this reason when re- 
moving a branch from any tree, it should be cut as 
close as possible in level with the surface of the 
parent branch, leaving no ‘‘peg”’. 


Nature’s method of healing a wound, because of 
the slow rate of callus formation, does not give the 
necessary protection against micro-organisms quickly 
enough. Some trees are able to set up, more quickly, 
another barrier through which many organisms 
cannot pass. It consists of a substance termed wound 
gum, and is situated just below the surface of the 
wound. ‘ea, however, does not form this barrier, 
possibly because it stores starch in its roots, not 
stems, —starch being the material from which 
wound gum is formed. 


Very few trees carry aS many wounds as a tea 
bush does. Every two or three years all the branches 
are cut back with a knife; and at times asaw is 
used to make still larger wounds. Every wound ex- 
poses the wood; so it should occasion no surprise 
that every tea bush has parts of its woody frame 
badly rotted. To this condition the name wood rot 
is applied. It refers to decay starting at pruning 
cuts, and brought about mainly by saprophytic 
fungi. 


When a branch grows vertically, the wood rot 
runs vertically downwards centrally in the branch. 
The outer living layers of the wood continue to 
function even after the central part is badly rotted, 
and the bush does not appear to suffer any great ill 
effects from the decay. When a branch lies horizont- 
ally, the rot occurs nearer the upper surface, and 
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ultimately gives rise to a long cavity often as wide as 
the branch. Except in wet weather the wood is dry — 
but is so altered in texture that it can be removed by . 
the finger nail. Even these ghastly looking branches — 
carry at their extremities healthy vigorous shoots, | 
well supplied with water. 


Preventive measures of control. As the rot 
starts at pruning wounds, it will be obvious that 
some of the decay can be prevented by protecting the 
wounds from infection as soon as they are made. 
What is required is a cover through which fungi 
cannot pass, and which will be tolerably permanent 
and not liable to crack. Numerous different prepar- 
ations, usually in the form of paints have been 
recommended for the purpose. But whatever wound 
cover is used it has to be renewed at frequent intervals 
until the wound is healed. None can give permanent 
immunity, but despite the limitations of such protec- 
tive treatment, large wounds should be covered with 
one or other of the preparations marketed for the 
purpose of preventing wood rot in tea. 


Curative treatment. Curative treatment has 
on occasions been carried out with some success. In 
principle it is rather like filling a decayed tooth. 
First, all the decay has to be removed—not merely 
the soft rotten wood but the harder wood into which 
the organism may have already entered. Then, the 
cleaned cavity is painted or filled with material 
suitable for the purpose. Efficient work of this nature 
is obviously expensive, and the benefits gained from 
it are usually not commensurate with the cost. 


Another method is to remove the worst branches 
at successive prunings. This, however, does not 
always work out well in practice. ‘Fhe removal of 
the larger branches entails Saw-work which causes 
other large wounds, and unless Special care is taken 
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the treatment may cause more damage than the 
disease. 

Wood rot may weaken the frame’s structure to 
such an extent that in time an affected branch will 
break easily. The arrival of that time is delayed by 
the formation of new wood on the external surface of 
the woody cylinder, or, if the branch lies horizontally, 
on its lower surface. The amount of new wood 
formed depends to a large extent upon the foliage the 
branch carries; the leaves will be situated on healthy 
branches arising from the decayed main branch. It 
is inadvisable, therefore, to remove these healthy 
branches merely because they arise from a decaying 
branch. The removal of the decaying branch itself 
entails also the destruction of any healthy branches 
it carries. 


As with so many other diseases efficient protection 
is the only method of control. When the damage is 
done, it usually cannot be mended. That is certainly 
true when the damage results in badly rotted frames. 
When main branches are lost and the bush loses its 
crown of leaves, it is better to replace the bush by 
another than to attempt rejuvenation. 


Where scavenging termites occur they frequently 
invade the bushes to remove the decaying wood. 
They cannot digest sound wood, but when it is 
partially decayed it becomes an appreciated item in 
their diet. Because of the presence of termites in 
bushes, the damage is sometimes attributed to them 
though they merely remove the decayed material and 
plaster the bush with ant earth while getting it. 
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SECTION 3 
ROOT DISEASES 


The four commonest root diseases of tea in 
Ceylon are known by the names of Poria hypolateritia 
(Red root rot), Rosellinia arcuata (Black root rot), 
Ustulina zonata (Charcoal stump rot) and Fomes noxius 
(Brown root rot). However, a brief description of 
the various root diseases known to attack tea in other 
countries such as Africa, Java and N. E. India is 
given in this section to make the list as complete as 
possible, | 


Aglaospora aculeata Petch. (Thorny Stem 
Blight). This disease has already been described in 
Section 2 as a stem disease. The fungus attacks the 
wood as stated therein and extends to the roots. 
The infected bushes bear small black-tipped thorn- 
like points on the surface of the roots as well as on 
the stems. The wood is black or dark brown under 
the bark with irregular black lines within the wood, 
When the disease is recognised, the bush should be 
uprooted and burnt to avoid risk of further spore — 
production, there being no other remedy. 


Armillaria Mellea Vahl. (Root splitting — 
disease), The common name “ Root Splitting Disease ” 
is derived from the longitudinal cracks which occur in 
the bark and wood of diseased bushes. The roots of 
young tea plants, about two years old may be split 
as witha knife. The cause of the disease is the fungus 
Armillaria mellea. It produces thick black cords of 
mycelium, termed rhizomorphs, which to some extent 
resemble shoe laces. These grow through the soil 
from the food-base and may be of considerable length. 
Their ability to set up new centres of parasitic 
activity seems to diminish as their length increases, 
Other symptoms are presence of a thick white layer 
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of mycelium between bark and wood in the roots. 
Death of the bush is sudden. The disease is not 
common in Ceylon or in India, but appears to be an 
important disease of tea in Africa and Java. 


Botryodiplodia Theobromae (Diplodia). Dip- 
lodia root diseases of tea have been recorded from 
India, Java and Nyasaland. The symptoms, however 
are not entirely alike in all countries, the only 
character common to them being the presence of a 
particular fungus Botryodiplodia theobromae, on the 
roots of affected plants, usually after death. An 
account of the Diplodia disease in North-East India 
is given by Tunstall. 


‘The symptoms of the disease are not the same 
in all cases. A plant may be affected for many 
months and yet continue to look healthy. 
Suddenly, without any warning, the bush dies 
with all its leaves attached as though it had been 
struck by lightning. In other cases, the leaves 
may take on a yellow appearance and the veins 
darken a little in colour; defoliation then occurs 
gradually and the bush dies branch by branch”. 


The most serious losses, caused by the fungus 
are on young tea, i.e., plants up to three years of 
age. Inits common form this root disease only comes 
into prominence after pruning. Sometimes the 
pruned bushes which may have appeared perfectly 
healthy before pruning, fail to produce any new shoots 
and die off completly. In other cases, the green 
shoots grow to a length of about six or eight inches 
and then begin to die. Their leaves become mottled 
with yellow, and then turn black, the latter change 
occurring first at the tip, or along the edges and 
ultimately extending over the whole leaf. Finally the 
leaves fall and whole shoot becomes dead and black 
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down to its base. This condition may begin on one 
or more of the main branches, and gradually extend 
over the whole bush or it may remain confined to 
one branch. 


The disease is also recognised by small black 
rounded spots which appear on stems and roots, and 
the fungus is always present on dead or moribund 
wood, bark or roots. Diplodia attacks weakened 
roots especially those deficient of reserves. It isa 
disease of weakness indicating that a sound cultiva- 
tion and manuring policy should be the basis for 
preventing the disease. 


Fomes Noxius Corner. (Brown Root Rot 
disease). This root disease of tea is probably the 
easiest to recognise. The fungus which causes it is 
now known as Fomes noxius Corner. Previously it 
was known as Fomes lamaoensis Murr. Its prominent 
character is that a crust of soil firmly attaches to the 
roots which cannot easily be knocked or washed 
off. The mycelium of the fungus acts as a cement 
and can usually be seen as tawny brown threads 
forming small, somewhat wooly masses between soil 
particles, or dark brown velvety patches at the upper 
edge of the soil crust. The presence of a brown 
mycelium amongst the soil encrusting the diseased 
root distinguishes Brown Root disease from all others. 
The disease most frequently affects solitary bushes, 
usually situated near old tree stumps, and it cannot 
pass from one root to another unless the roots are in 
close contact. Occasionally sudden death of groups 
of bushes result from the invasion of this fungus 
which persists for many years on dead wood. The 
disease is common in new clearings where stumps of 
forest trees have not been uprooted and where the 
soil is of a sandy nature. 
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Fomes noxius (Brown Root disease) - soil cemented to the root. 
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Helicobasidium  (Helicobasidium compactum 
Boedijn). This disease sometimes attacks tea seed- 
lings and young plants up to five years old, being 
found only rarely on mature bushes. When young 
plants have been killed by Helicobasidium a branch- 
ing growth of purple-brown mycelial threads runs 
along the root surface. Just above the soil surface 
the hymenium or fruiting body of the fungus arises 
and envelops the young stem like a mauve velvet 
covering. Affected seedlings wilt and die, some of 
them during the rains, at about 6 months from 
planting, and others in the ensuing dry weather. 


Hypoxylon (Hypoxylon asarcodes (Theiss) Mill.) 
This disease has already been described in section 2 
(q.v.). When the fungus attacks the roots, the bush 
quickly dies, death being sudden. The external 
appearance of the root is smooth, but an internal 
examination will reveal brown reticulations and black 
’ lines in the wood. This disease is common in certain 
Tea districts of N. E. India though its occurrence in 
Ceylon is rare. 


Poria hypolateritia Berk. (Red Root Rot 
disease). This disease is recognised by the presence 
of the fungus Poria hypolateritia on the surface of the 
diseased root. At first the mycelium is white, soft 
and somewhat fluffy but later it becomes compacted 
into smooth, thin, flat dark-red cords or sheets. These 
cords and sheets darken with age and are then not 
easily distinguishable from the root surface. Soil 
adheres to them, though not so firmly as to Fomes 
noxius, and this often makes their recognition difficult. 
The cords are white inside and the smooth dark red 
casings are rather brittle. When some of the 
adhering soil is shaken off an infected root, parts of 
the outer casing are broken and the white interior is 
_exposed which gives the root a speckled appearance. 


When the disease is well advanced the wood is soft 
and watery. Later it becomes a soft mush not easily 
extractable from the soil. 


Poria normally occurs in patches and is not 
associated with the presence of stumps of trees. It is” 
a very common root disease of tea in Ceylon and 
occurs principally in tea growing on land which was — 
originally jungle, and rarely in patna (grassland) ~ 
clearings. In jungle clearings, the disease first occurs — 
in the neighbourhood of a decaying jungle stump — 
such as Symplocos spicata, which Petch states to have 
had the reputation of being its most frequent source, 
Those stumps have long disappeared, but the disease — 
remains. The large bare patches where, over many 
years, diseased bushes have been removed are the ~ 
places where the disease originally occurred. Poria 
disease is undoubtedly a legacy from the jungle. In — 
the original jungle the fungus occurred, not as a 
virulent parasite but as a species struggling for : 
survival on such material as it could feed on. When 
the jungle was cleared, the fungus survived as a 
saprophyte on decaying roots which served as food — 
bases from which it could send out hyphae through 
the soil in search of more food. Those hyphae then 
encountered, not roots of jungle trees which they 
could not penetrate, but tea roots which they could. 
No matter in what direction the hyphae grew, some ~ 
would be sure to encounter tea roots. When 
penetration into the tea was achieved the fungus — 
became independent of the original food base and — 
took up a parasitic mode of life. Since then, the 
fungus has steadily progressed from bush to bush, 
using the infected roots of one bush as a food base 
from which to reach the next. 


_ _ Several years may elapse between the initial 
infection of aroot by Poria and the death of the 
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bush. During this time there is little or no evidence 
above the soil surface that anything is amiss. 
Growth is slowed down almost imperceptibly until 
suddenly the bush dies either wholly or in part. 
This gives the impression that the fungus kills 
quickly, which is far from the truth. 


When dead bushes only have been removed from 
an infected area many of the apparently healthy 
bushes at the perimeter are infected, some very 
heavily and in due course will die and have to be 
uprooted. By that time the fungus will be establi- 
shed on adjacent bushes; and so treatment follows, 
but never overtakes the fungus. 


Measures now used for the control of Poria root 
disease are based on three main facts: 


1. Many apparently healthy bushes on the 
perimeter of diseased areas are infected by 
the fungus. 


2. Every infected root whether attached toa 
bush or not is a food-base from which the 
fungus can grow through the soil to other 
roots. 


3. In the absence of food bases the fungus is 
relatively harmless. Hyphae in the soil, 
unattached to a food base cannot attack a 
living root. 


The first stage inthe treatment is to remove 
every infected root from the soil. This means the 
removal not only of every dead bush, but of every 
living bush no matter how healthy it may appear 
above ground, if even one of its roots bears the fungus. 
This can be assured only by uprooting bushes for 
examination until a complete ring of healthy bushes 


PES SS eS 


( 308 ) 


has been removed. The removal of a considerable 
number of really healthy bushes is sometimes objected — 
to as wasteful, but this cannot be avoided if complete 
elimination of the fungus from the area is to be done, 
The immediate removal of healthy bushes involves a 
small loss of crop but that is more than compensated 
for by the elimination of the fungus from the area — 
which can then be replanted. 


No roots, living or dead, and no woody material — 
which might become a food base should be left in the — 
soil. Unless the bushes have been dead for some time — 
and their roots have become very rotten, they can be — 
extracted almost intact. Though some of the feeding — 
roots break off during the process, they can usually — 
be recovered in bunches by a labourer running his — 
fingers through the loosened soil. Small fragments 
of feeding roots if left in the soil do no harm and it 
is not worth while trying to recover them. The woody 
roots are the real source of danger. Great care has 
to be taken that all of the woody material is so 
collected and destroyed by fire at a convenient place. 


After an infected area has been thoroughly 
cleaned in this way, it may be replanted with tea as — 
soon as convenient; or green manures may be grown — 
and later forked into the soil before replanting. 
Tephrosia vogelii is recommended as an indicator crop — 
because its roots are susceptible to Poria disease. 
A dead Tephrosia would indicate the position of an 
overlooked infected root. But experience has shown 
that when the work is carefully done, this precaution 
is unnecessary, as many areas have been successfully 
replanted with tea immediately after treatment. 
Should a death occur among the young plants, a 
search should be made for the source of infection. 


Rosellinia. (Black Root rot disease), Rosellinia . 
is most frequently caused by Rosellinia arcuata Petch, — 
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1. Rosellinia arcuata - Mycelial stars beneath the bark 
Ds Poria hypolateritia - Mycelium on root. 
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Another species of the fungus is known as Rosellinia 
bunoides (B. & Br.) Sacc. which has similar characters. 
The mycelium of R. arcuata is at first white, then 
smoky -grey and finally black. On the surface of the 
root the mycelium forms black strands more or less 
woolly in appearance and easily distinguishable from 
old cords of Portia. When the bark is carefully 
separated from the wood, small white stars of 
mycelium can usually be seen on the wood surface. 
The characteristic black mycelial strands on the 
external surface and the small white stars beneath 
the bark make Rosellinia arcuata fairly easy to recog- 
nise. The white stars are not found under the bark 
of roots attacked by R. bunoides. Instead, small 
black points or narrow black strands are to be seen 
on the surface and embedded in the wood. 


Rosellinia like Poria is able to grow freely through 
the soil, and so the fungus growing on one root may 
reach another some distance away and occurs as 
patches and is not associated with stumps. The disease 
although uncommon in N. E. India is found to occur 
frequently on the drier parts of Ceylon. The fungus 
produces a large number of spores on almost every 
diseased bush, and some authorities recommend that 
the bushes should be flamed before removal to prevent 
the dissemination of these spores. This can be done 
by heaping straw or dry rubbish around the bush and 
burning it before uprooting. 


Rosellinia like other root disease fungi of tea 
requires a food base before it can start a parasitic 
existence. It is able to establish itself more easily on 
fallen leaves than on woody stumps, and for this 
reason, most probably, the disease rarely originates 
at stumps. When the fungus reaches a tea bush it 
encircles the stem and usually grows upon it fora 
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distance, but the main direction of growth is down- 
wards towards the roots. Growing in this way the 
fungus may attack and kill a large number of bushes 
almost simultaneously. Although Rosellinia can pass 
from bush to bush in the same way as Porta it has 
néver done the same extensive damage nor proved so 
difficult to eradicate from an infected site. 


The appropriate treatment of Rosellinia disease 
depends upon the mode of its occurrence in the field. 
If the disease is obviously spreading through leaf 
litter, this must be raked away from the main stems 
of the bushes and burnt. The bushes on which the 
fungus has established itself are best uprooted and 
destroyed by fire immediately before the bushes die. 
If, however, the disease occurs as a patch rather 
like Portia, it is advisable to treat it similarly, 
removing a ring of healthy bushes to ensure its 
eradication from the area. Particular attention must 
always be paid to leaf litter where this disease occurs. 


Ustulina (Charcoal stump rot). This root 
disease is caused by the fungus Ustulina zonata Lev. 
Roots attacked by this fungus have no visible 
mycelium on their surface. When the bark is 
removed, large white or brownish-white fan-shaped 
patches of mycelium are to be seen on the wood 
surface. The fans are often fused together to form a 
very thin continuous sheet, but the fan structure is 
usually recognisable. The wood is often traversed by 
black lines. Though many fungi can cause thin black 
lines in wood, those of Ustulina can be recognised by 
their thickness and the frequency with which double 
lines occur, as though drawn with a faulty nib which 
makes two parallel lines simultaneously. The name 
“Charcoal Rot” is derived from the carbonaceous, 
brittle and charcoal-like nature of the fructifications 
which are often to be found at the collars or main 
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stems of diseased bushes. The fungus, however, 
cannot pass from one root to another unless the roots 
are in close contact, and as a result Ustulina like 
Brown Root disease most frequently affects solitary 
bushes, usually situated near old tree stumps. 


That the felling of shade trees is often followed 
by root disease in tea is well known to all tea planters. 
A field of tea with a good stand of healthy shade trees 
such as Grevilleas or Albizzias may be free from any 
root disease until some of the shade trees are felled. 
One or two, or more years later tea bushes in the 
immediate vicinity of the stumps begin to die. The 
diseases concerned are almost invariably Ustulina and 
Brown Root disease. More frequently Ustulina 
sometimes infects tea bushes directly through wounds 
when the fungus grows downwards to the roots. 
When. the disease is encountered at a distance from 
tree stumps, it will usually be found that infection 
has occurred at a wound. 


As Ustulina and Brown Root disease originate at 
stumps, the obvious method to prevent their 
occurrence is by having no stumps. If the stumps 
are left in situ there is a possibility that root disease 
will originate there depending on the arrival through 
the air of spores of particular fungi. Where complete 
removal of stumps is impracticable as when giant 
Albizzias are felled, the bark should be removed and 
the stump thickly coated with tar on all sides to 
prevent spores from falling on the wood surface. 


When a bush dies of Ustulina or Brown Root 
disease, it should be dug out completely together 
with as much as possible of the tree root which caused 
the infection. No other treatment is necessary. 
Adjacent bushes, if their roots are in contact with 
other roots of the same infected stump may die later, 
but nothing can be done to prevent their deaths. All 
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stump roots as can be located and the diseased bushes 
should be removed and destroyed by fire. 


Violet Root Rot (Sphaerostilbe repens B. Br.). 
Violet root rot is a disease of tea bushes which appears 
on roots when they are attacked by a parasitic fungus, 
Sphaerostilbe repens. Its presence isa sure indication 
of waterlogging due to bad drainage in mature tea 
areas or overwatering in nurseries. The bushes take 
ona yellow appearance and lose their fresh green 
colour, and eventually the leaves drop off in a fresh 
state without withering or drying. ‘The roots on 
examination are violet to blue-black in patches, or in 
severe cases the whole root may be black. On such 
a root white threads of Sphaerostilbe can be found — 
growing between the wood and the bark of the root. 
The most characteristic feature of the disease is the 
sour, sickly smell of the roots. 


In nurseries under waterlogged conditions, the 
growth of seedlings becomes stunted, and when the 
plants are pulled from the soil what remains of their 
roots is either rotted or appears to have been “ bitten 
off” by insects. Because of this appearance the 
disease is known as ‘ Bitten off’ disease when it occurs - 
in nurseries. 


Whenever bushes take on a yellowish appearance 
in their foliage, it is always a good plan to dig up one 
or two of them for inspection and to note the 
appearance and smell of the roots for easy identi- 
fication of the fungus. 


Measures to alleviate the disease and prevent it 
should be adopted by making sure that all drains are 
in working order and adequate to afford proper 
drainage to the area. When drains are cleaned or 
when new drains are cut, if the sub-soil consists of 
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clay this should not be piled round the collars of the 
bushes. It is not necessary to uproot bushes affected 
by violet root rot except those which have shed all 
their leaves and which are obviously dead which of 
course should be removed immediately. Otherwise 
such dead bushes will become centres of root infection. 
Bushes which still show some signs of life should be 
left and will almost invariably recover provided the 
correct measures to ameliorate the waterlogged 
conditions are carried out promptly. 


References:- 


Gadd C. H. Monographs on Tea Production in Ceylon No. 2 - ‘'The 
Commoner of Diseases of Tea’’. ; 
Hainsworth E. “‘Tea Pests and Diseases and their Control’’. 


SECTION 4 
PESTS. 


In this section we shall deal only with the © 
principal pests of tea and tea soils, commonly 
encountered in Ceylon and India. 


Ants and Scale Insects of Tea. Several species 
_of scale insects are known to feed on tea stems, the 
commonest being Lecaniwm viride Green. Scale 
insects secrete sweet fluids which are much sought 
after by ants, and when scale insects are present on 
the stems of tea plants, ants may become a nuisance 
in affected sections. Sooty moulds (q. v.) are often 
found on leaves and stems growing on the sugary 
secretion of scale insects. 


The Red and Black Ant of Tea. (Cremastogaster 
rogenhofert). Mayr. Colonies of these ants form 
nests in tea bushes. The ants themselves are small 
about 0.5cm long. The ants feed on sugary secretions 
from other insects notably the tea aphis, but it has 
been found on examination of a large number of nests 
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which were broken open that in each case the nests 
were built round a few scale insects of various species. 
These ants, once they are well established in a section 
can be a great nuisance to workers making work- 
ing conditions tiresome. Control can _ be effectively 
carried out by spraying 50 per cent wettable DDT 
powder used at the rate of 1 lb. powder to 40 gallons 
of water. When spraying is done, the nests should 
be broken open so as to expose the inside which 
should be sprayed. 


The Tea Aphis (Ceylonia theaecola Buckton). 
The tea aphis is a common minor pest of tea in India 
and Ceylon. The aphis is a pest of tea seedlings and 
also of the young shoots of mature tea, but it is 
seldom regarded as serious, even when it is present 
in fairly large numbers in nurseries. 


The insect is dark brown in colour, 1 to 2 mm. 
long, and colonies of them may usually be found on 
the upper parts of the young plants, especially young 
stems and the undersides of developing leaves, 
Winged adults settle on the young plants and rapidly 
give rise to winged and wingless forms which suck the 
sap of the plant. The effect of the pest on the plant 
is to cause slight rolling of the leaves and slight 
reduction in size of the leaf and shoot. The import- 
ance of aphides has declined with the introduction of 
improved planting methods and better jats of tea 
with shorter plucking rounds so that colonies of 
aphides have scarcely time to become established on 
young leaves and shoots of bearing bushes before 
they are plucked off. 


Helopeltis (Helopeltis theivora Wk.) Helopeltis 
is a small dark insect which spreads through an area 
of tea when the air is warm and moist. It is 
considered to be a very serious pest of tea causing 
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much loss of crop in India, Java and other tea-grow- 
ing countries. Helopeltis can only feed on young 
leaves and buds and cannot penetrate the surface of 
mature leaves. When it is not feeding it is hiding 
under mature leaves or in the frame of the bush or 
on weeds. Wherever Helopeltis makes its feeding 
punctures, a small brown translucent spot about one- 
tenth of an inch in diameter soon appears and from 
the centre of this spot comes a small brown fluid. 
Within a few hours the brown spot turns black and 
dries up. Later, as the leaf grows and expands, the 
black dead spots cause the shoot to have a shrivelled 
corrugated appearance. MHelopeltis is readily cont- 
rolled by spraying affected tea with a mixture 
of 50 per cent. DDT wettable powder used in the 
proportion of 1 lb. of powder to 40 gallons of water. 


Nematodes. Amongst the great variety of 
minute animals that inhabit soil is a group of worms 
known as Nematodes. They resemble eels both in 
shape and movement more than the earthworm, and 
because of this resemblance they are popularly known 
as eelworms. While in the soil they are difficult to 
perceive, though when removed many species can be 
seen easily with the unaided eye. Some are sapro- 
phytes and others are parasitic in animals and plants. 


The best known plant parasitic nematode is 
probably Heterodera marioni (Cornu) Goodey, also 
known as the ‘“Root-knot eelworm” as it inhabits 
tropical and temperate soils and livés in the roots of 
many hundreds of plant species. To tea planters it 
is well known as a pest of Dadaps, Tephrosia and Tea 
seedlings, in which it forms the characteristic knots 
or galls. In the larval or eel-like stage, the worm is 
very active but when entry into a susceptible root is 
achieved, the worms settle down to a sedentary life to 
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complete their life cycle and the propagation of their 
species. Tea seedlings in the early growth are very 
susceptible to infestation but with age the plant 
appears to acquire immunity or the worm for some 
unknown reason leaves the rootlets. To lessen the 
eelworm population and to keep it as low as possible, 
cover crops and green manures grown should be 
frequently changed under a programme of rotation. 
Dadaps if heavily infested should be replaced with 
Albizzias or Gliricidas if the estate is situated at an 
elevation low enough to grow the latter. Crotalarias 
should replace Tephrosias. When the eelworm 
population has been starved out for lack of a 
susceptible host, Tephrosias could be planted again 
if desired. 


Another eelworm which infests tea roots is 
Pratylenchus (Anguillulina) pratensis (de Man) 
Filipjev, known as the Meadow eelworm because it 
was earlier found to infest grass roots. It occurs 
in patna grasses and it is possible that it reached tea 
from that source. It differs from the root knot 
eelworm in several respects, its habits being different 
and it never causes galls on infested roots. It can 
usually be detected by the presence of small black 
spots on the otherwise white surface. The spots are 
due to dead discoloured cells where worms have 
entered. The worms carry on their bodies numerous 
germs which could not otherwise enter an undamaged 
root, and these, possibly more than the eelworms 
themselves, hasten the death and decay of the roots. 
As meadow eelworms cannot feed in a dead root, 
they leave it to search for other living ones. This 
accounts at least in part for the presence of numerous 
worms free in the soil. They may leave living roots 
for other reasons as for instance when infested roots 
are left immersed in water. 
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There is no sure method of determining whether 
the condition of unthrifty bushes is due to the 
meadow eelworm or not except by locating and 
identifying the nematode. The affected bushes occur 
as large patches though they are not all in equally 
poor condition. If the roots are heavily infested, 
some of the main roots which appear normally healthy, 
will show dead areas of various sizes when the surface 
isscraped. The bark in these regions is dead right 
through to the wood and when it is cut out numerous 
worms will be found on the surface of the wood and 
bark at the edge of the dead patch. 


As both root knot and meadow eelworms live 
within roots, the only way to kill them in such sites 
is by destroying the infested plants which is practic- 
able only when the plants are annuals; the root 
remains can be destroyed after the crop is harvested. 
Thereafter if no susceptible crop is grown on the soil 
for several years, the greater part of the eelworm 
population will die. Crop rotation is one of the best 
methods of combatting eelworm pests in annuals. 
Tea being a permanent crop plant, this method of 
reducing eelworm population is not practicable. 
Several methods of soil sterlisation and soil fumigation 
are known, but none has proved really efficient against 
eelworm in the fields though they are fully efficient 
when relatively small volumes of soil have to be 
sterilised. 


It has been possible to keep eelworm population 
in the soil at a low level and thereby lessen severe 
root infestation by the encouragement of certain fungi 
which are highly specialised for trapping nematodes. 
The trapped eelworm rarely escapes and its body is 
used by the fungus as food. It will be necessary 
to increase the population of the many species of 
these fungi by incorporating heavy doses of decaying 
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organic matter in the soil. Such applications to be 
effective must be in the neighbourhood of 10 to 20 
tons per acre. Non-susceptible green manures in 
place of those susceptible, and the most vigorous 
bushes in infested fields should be propagated veget- 
atively for the production of supplies for infested 
areas. 


Nettle Grubs or The Stinging Caterpillars. At 
least nine distinct species of insects are known by the 
general name “Nettle Grub” and most of them belong 
to the genus Thosea. In all of them the legs are 
absent or rudimentary, progress being in a slug-like 
fashion. The caterpillars are brightly coloured, green 
or orange with yellow, white, black and purple mark- 
ings. The backs of the caterpillars are furnished 
with stinging hairs which have an irritant effect on 
the skin resembling a nettle sting and which persists 
for some hours. The caterpillars eat mature leaves, 
particularly those low down in the bush and cause 
extreme discomfort to the workers. Hand-picking, 
or the collection and destruction of both grubs and 
cocoons is the commonest, and most effective measure 
of control. But with present high cost of labour, 
this method cannot be adopted in areas heavily 
infested with this pest, in which case it will be found 
cheaper to use DDT 50 per cent wettable powder at a 
concentration of 1 lb. to 40 gallons of water for 
spraying the affected bushes. 


Shot-hole Borer of Tea. Xvyleborus fornicatus 
Kichhoff fornicatior Eggers. This is a small beetle 
which perforates the stems and branches of the tea 
bush and many other plants and _ trees, driving 
galleries into the wood within which it lays its eggs 
and rears its young. This pest is met with from 
sea level to about 4000 feet elevation, but usually 
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higher districts are not severely attacked. The first 
indication of the presence of the beetle is usually 
given by the breaking of some of the branches on the 
tea bush, and when they are carefully examined 
minute holes are found piercing the surface of the 
branches at a node, or immediately below a side shoot. 
On splitting open a section of such a branch, circular 
galleries driven by the beetle, will be laid open in the 
wood. These it will be noticed almost completely ring 
the branch thereby so weakening it that it will break 
off in a strong wind or if at all roughly handled. 


The presence of the insect in the branches of the 
tea bush does not appear to endanger the life of the 
plant although it weakens its vitality and reacts on 
the yield. It is, therefore, most necessary to maintain 
the vigour of bushes infested by Shot-hole Borer, 
which can only be effected by systematic manuring 
and cultivation. The beetle prefers the older and 
less sappy wood and is usually most numerous in tea 
that has run a comparatively long time from pruning, 
as growth is slow and the branches in consequence 
contain less sap than those of tea more recently 
pruned. From this it follows that where Shot-hole 
Borer is prevalent pruning cycles should not be 
prolonged during which the bushes should receive 
frequent and adequate doses of fertilisers with green 
manure. These measures will maintain the vigour 
and vitality of the bush at a high level and it will 
offer greater resistance to this pest the activities of 
which will be thereby minimised. 


Tea Tortrix. (Homona coffearea Nietn.) This 
is a serious pest of tea and in its adult stage is a moth 
which lays its eggs in masses, each containing 125 to 
150 on the upper side of mature leaves in the centre 
of the bush rather low down. It causes damage to 
the tea bush in the larval stage. When the caterpillars 
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hatch, they remain together, fastening two adjacent — 


leaves together with silk. After their first moult 
they migrate from this shelter and each caterpillar 
builds itself a nest composed of leaves in an unfolding 
bud, with the consequence that the shoot is enclosed, 
and as the shoot and the caterpillar grow the 
characteristic bent shoots with telescoped leaves are 
produced. After 3 or 4 weeks the larva which by 
this time is about three-quarter of an inch long turns 
to a small dark brown chrysalis, still inside its 
shelter, and 7 to 10 days later the moth appears. 
The moth is light brown in colour small, and it flies 
and deposits eggs by night. 


During the day the larvae are inactive, but at 
night they disperse themselves all over the bush and 
attack the flush. They destroy much more leaf than 
they consume so checking and distorting the natural 
growth of flush and make a deplorable sight of the 
bushes when the attack is severe. 


The pest usually makes its appearance in the 
early part of the year when the weather is fine and 
its depredations in consequence take place either just 
before or during a period of rapid growth of leaf so 
that the loss of crop is often a serious matter. 


The preventive and remedial measures are several 
such as :— 


1. Tortrix Breaks. These are formed by 
allowing several rows of tea to run up un- 
plucked, thereby creating wind belts on 
which the tortrix moths which are not 
strong on the wing, are carried down. They 
may then be destroyed by spraying the 
belts with 50% DDT wettable powder used 
in the proportion of 1 1b. powder to 40 
gallons water. 
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The egg masses and larvae may be collected 
and destroyed. 


3. Destruction of the moths at night by placing 
lighted lamps in affected fields which attract 
the moths and singe their wings. By this 
method many thousands of moths may be 
destroyed, but the effect in the case of a 
bad attack hardly justifies the expense 
incurred. i 


Termites. (White Ants.) There are two distinct 
species of termites, (a) those that eat into live wood 
such as Calotermes militaris, Calotermes dilatatus and 
Calotermes Greeni, (Calotermes militaris is now known 
as Neotermes militaris), and (b) the scavenging termites 
such as Termes obscuriceps, Termes redemanni and. 
several other less common varieties, which only feed 
on diseased or dead bark and wood. 


The attacks of C. or N. militaris are generally 
confined to the lower portion of the bush and are, 
therefore, seldom detected until the main stem or 
stems have been completely hollowed out. As the 
injury is at first limited to the heart-wood of the tea 
bush, the sap wood remains intact and none of the 
living tissue surrounding the central core is touched 


as long as it is in a healthy condition. As the sap 


wood is temporarily unaffected and carries on the 
functions of the bush for some time after the attack 
has been started, the bush shows no signs of it and 
continues to flush well. Eventually, however, the 
main stems will be- reduced to a shell, if the pest 
remains undetected and the bush dies. 


OC. dilatatus and C. Greenit are found at lower 
elevations, and these chiefly eat into the upper 
branches of the tea bush, so that their depredations 
become evident at the time of pruning, if not 


/ 
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previously discovered, and they are, therefore, more 
easily controlled than the attacks of C. miliaris. 
These species make their colonies in individual tea 
bushes and do not construct subterranean nests, 
which enables each infested bush to be dealt with 
separately. 


Owing to the concealed mode of life and secrecy 
attending the activities of C. militaris control 
measures can seldom be applied in time to save a 
bush attacked by this pest, but when discovered 
before the main stems have been reduced to a shell, 
its recovery may possibly be effected by cleaning out 
the cavities and treating them with a solution of 
creosote or some other wood preserving liquid. When, 
however, the damage is irreparable the only course 
to be taken is to dig out the bush by the roots and to 
burn the whole of it subsequently supplying the 
vacancy so created with a young plant. 


Where C. dilatatus or C. greeni are found at the 
time of pruning to be infesting the bushes, the 
prunings should be burnt and some wood preservative 
applied to the surface of the cuts and allowed to 
percolate into the galleries. If this is carefully done, 
it should destroy or drive out the termites, and the 
bush will probably regain its vigour and make a 
complete recovery. Should, however, the branches 
be completely riddled and the main stem also pene- 
trated, it would possibly be preferable to dig out and 
burn the bush, afterwards supplying the vacancy in 
the usual way. 


Termes obscuriceps and Termes redemanni are the 
common mound-building white ants, which make 
their nests below ground and act as wood scavengers, 
They only attack diseased or dead bark and wood, 
and are found at medium and low elevations in old 
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logs and stumps or on cankered branches of the tea 
bush, which they cover with a protective coating of 


earth. 


The measures recommended to be taken witha 
view to destroying or at least considerably minimis- 
ing, termite pests are :— 


1. 


Digging out the nest and destruction of the 
queen. 


Periodical removal of branches dying back 
and, at the time of pruning, cutting away 
any badly affected part by branch canker, 
followed by spraying of the pruned bushes 
with 50 per cent. wettable DDT. powder 
used in a mixture of I lb. powder to 40 
gallons of water. 


Mound building termites are best controlled 
by introducing DDT or benzene hexachlo- 
ride dust into the mound with dusting or 
blowing equipment. 


Gradual eradication and burning of all old 
jungle or other logs and stumps in all tea 
areas infested by these pests, in order to 
reduce the food supply. 


If living wood is being eaten, every bush in 
the area of infestation should be treated by 
forking into the ground around its roots | 
oz, of standard benzene hexachloride dust. 
This treatment is best carried out at the 
beginning or the end of the rains when the 
ground is neither too dry nor too wet. 
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MISCELLANEOUS DISEASES. 


Chlorosis. Whena plant is affected by chlorosis, 
its leaves are yellowish due to deficient development 
of the normal healthy green colouring matter called 
chlorophyll. This is a symptom of iron deficiency. 
Sometimes, this is found to occur even when the 
plant is grown on soil not deficient in iron. The 
presence of large quantities of lime will cause the iron 
to assume a form in which it cannot be absorbed by 
the plant. The addition of more iron to the soil will 
not ameliorate the condition because the added iron 
will be quickly transformed into the same unavailable 
form. There have been other instances where the 
leaves change colour and are streaked with white. 
This condition is infectious as it has been proved to 
be transmissible by grafting. 


Galls and burrs. These are occasionally seen 
on roots and stems of tea bushes. Galls on roots are 
caused by the root-knot eelworm, whilst others of 
various types appear on stems, the largest measuring 
more than a foot in diameter. The reason for their 
development is not known, and they have not in any 
ease been found to be infectious. In the normal 
development of a nodal cutting a small knob of callus 
forms at the lower end and from it the roots develop. 
The cuttings from some bushes, however, form large 
knobs of callus without any roots developing from 
them. This growthis abnormal. This sort of cutting 
often forms a similar knob of callus at its upper end 
which can be regarded as an abnormal type of healing, 
Some bushes have been found to produce similar 
knobs of woody callus at the ends of plucked shoots. 
Similar abnormal growths are also seen to occur at 
unexpected places on the stems, usually at the stem 
bases. In the normal healing process, a callus 
consisting of new wood and bark is produced at the 
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edge of the wound. It continues to grow until the 


edges meet at the centre of the wound and fuse and 
form a complete cover. In some cases instead of 
callus growths fusing, one passes over the other and 
continues to grow to form a thin plate often extending 


well beyond the wound. The largest burrs are more 


or less hemispherical and may measure a foot in 
diameter. They project from one side of the stem 
and may almost completely encircle it. The surface 
is usually irregularly nodular, their texture is woody 
with irregular grain and they frequently originate at 
wounds. These woody galls are abnormal growths 
and in some plants are known to be caused by 
bacteria and in others by insects. But this has not 
been found to be the cause of galls on Tea. ‘These 
can be classed as abnormal callus growth, but so far 
no reason has been found for its cause. 


Horse-hair Blight. (Marasmius equicrinis 
Mull.) The name of this fungus is so apt and. 
descriptive that it cannot be mistaken for any 
other blight. Its mycelium takes the shape of thin 
cords, black round and shining, like black horse-hair. | 
The threads are attached to the leaves and stems at 
intervals by small brown discs of agglutinated hyphae 
and hang in tangled masses between the branches. 
Because dead leaves and twigs are usually attached to 
the hair-like cords, the fungus is often mistaken to be 
a parasite, but careful observation shows that it gets 
its food only from the dead leaves and twigs in the 
tangle. Horse-hair blight occurs in the Low-country, 
usually below 1000 feet in damp shady localities and 
is usually very evident shortly before the bushes are 
due for pruning. The distribution of Horse-hair 
blight is effected by spores. Prunings from affected 
bushes if left on the ground produce fructifications in 
abundance. To prevent this prunings should be 
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burnt and any threads remaining in the bush should 
be brushed off the stems with a piece of coir. 


Leptothyrium theae. ‘This disease is recognised 
by the presence of solitary dead branches, with leaves 
attached, in otherwise healthy bushes. The branches 
come away quite easily with a sharp pull. This 
fungus like other stem parasites gains entry into the 
shoot while the stem is green and before it has grown 
to any appreciable length. The fungus then grows 
towards the base of the branch killing the cortex as 
it proceeds and thence into the parent branch. At 
first such infection appears to have no detrimental 
effect on the young branch although the stem may be 
ringed at the base. As long as water reaches the 
leaves in sufficient quantity the branch appears to be 
healthy. At the ringed zone no new wood is being 
made and other organisms are able to enter the wound 
with the result that ultimately there is a stoppage of 
water supply and the death of the branch results. It 
will be then necessary to prune the parent branch at 
a point a little below the joint where the affected 
branch emanates. 


Phloem Necrosis. Phloem is the cellular portion 
of the bark or cortex, the softer tissue which sur- 
rounds the woody cylinder and which often can easily 
be peeled off both stems and roots. The food elabor- 
ated in the leaves is required by all living cells 
particularly where growth occurs and is transported 
ina soluble form along the special channels termed 
Phloem. When a bush is affected by Phloem necrosis 
it becomes unproductive. Dead zones are found to 
occur within the bark of the main roots. Externally 
the roots appear normal, but when the bark is shaved 
away, dead zones can be found near the cambium. 
The affected tissue being the phloem through which 
elaborated foods are passed, the disease was named 
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Phloem necrosis. There has been no visible evidence 
of organisms in the tissue. Necrosis occurs also in 
stems and leaves. The symptoms easily recognised 
by a planter are a backward arching of the leaves 
often accompanied by an inward folding of the leaf 
blade, and less frequently a zig-zag habit of growth 
in the young stems. Sometimes, some of the leaves 
turn over so that the upper side of the leaf becomes 
the lower. This peculiar turn is frequently accomp- 
anied by a necrosis of a part of the leaf blade, visible 
as definite dead patches. This is a virus disease and 
asno form of cure for a virus disease of plants is 
known, the only rational method of control feasible 
with Tea is to remove all plants so affected as soon 
as their productivity falls below an economic level. 
The disease is essentially one of high elevation bushes 
as it is practically unknown below 4000 feet. At the 
highest elevations the symptoms are more marked 
and deterioration most rapid. The best time to 
diagnose Phloem necrosis is when the bushes are 
recovering from pruning because the leaf curl is most 
prominent then, and the best time to determine 
whether the bushes are non productive is towards the 
end of the plucking cycle. Bushes for removal should 
therefore be marked before and not after pruning. 


Scab. This is a leaf disease of not much import- 
ance and is usually the result of some local condition 
of atemporary nature. Scab occurs on old leaf only. 
A few affected leaves can be found in most tea fields. 
A part of the surface of affected leaves is somewhat 
irregularly blistered and cracked, somewhat elevated 
and often grey intermingled with black. The fungus 
associated with the disease is Hlsinoe theae Bitancourt 
and Jenkins but little is known about it. The disease, 
however, is of no economic importance. 


Septobasidium rimulosum. This species of 
Septobasidium usually seen on Tea bushes in Ceylon is 
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S. rimulosum Petch & Couch. It sometimes occasions 
alarm by covering tea stems with a rather thick 
growth. It may extend for several feet along stems 
covering them with a brown or purple-black growth 
with slate coloured edges. The growth has a some- 
what smooth compact outer surface often badly 
cracked and is rather woolly within. It is parasitic 
on scale insects. The fungus Septobasidium grows 
around and over the scales to form a rather complicated 
structure composed of two layers. The upper layer 
forms the roof and is supported by columns or ridges 
of looser texture arranged in such a way to form a 
labyrinth of chambers or tunnels. Each chamber 
usually contains one or more scale insects. The lower 
layer is thin and often non-existent beneath the 
insects. Hyphae are firmly attached to the top of 
the scales but not to the stem as they do not 
penetrate the bark; so the whole structure is anchored 
to the stem by the insect’s mouth parts. Not all the 
scales within the fungus are parasitised; some continue 
to live and breed normally. The fungus does not 
take anything directly from the bush but it gets its 
food indirectly from that source, via the insects. 
Any apparent damage is most likely the direct result 
of the insects feeding. Although the fungus destroys 
many scale insects it gives little or no benefit to the 
planter and is therefore best removed. It may easily 
be removed with a hard brush. The brush should be 
applied with sufficient pressure to remove and kill 
the scales at the same time. 


Variegated Leaves. Variegated leaves, green 
and yellow, are often seen on tea bushes. The 
yellow colour is due to lack of chlorophyll though 
why it should not develop normally in particular 
zones is not known. An extreme case of chlorophyll 
absence has been observed in seedlings with entirely 
white leaves. Such plants do not survive. Plants 
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with partially green leaves are able to elaborate 
sufficient food and many species are grown in gardens 
for their ornamental variegated leaves. There are 
several types of variegation in tea. One occurs on 
branches invaded by the alga Cephalewros and the 
other, is due to virus and is infectious. A third type 
is non-infectious and is probably the commonest. 
The boundaries between the green and yellow zones 
are sharp; in the other types the yellow merges 
gradually into the green. The non-infectious type of 
variegation occurs usually on single branches, not 
throughout the bush, but cuttings from such branches 
usually give rise to bushes with all leaves variegated. 
The condition however has not been transmitted to 
normal bushes and there is no evidence to suggest 
that it is ever infectious. 


Lightning. Every year many tea bushes are 
killed by Lightning but the cause of their deaths is not 
always recognised. ‘There are no scorched leaves and 
no split stems; in fact there is no immediate visual 
injury though the bushes die later with all the 
symptoms of root disease. Those bushes at the 
strike-centre are the first to die, but the area of dead 
and dying bushes continues to increase for 2 or 3 
weeks until, in some cases, more than 100 bushes are 
dead. This enlarging circle of dead bushes also gives 
the impression of a root disease at work, but the 
deaths occur ‘far more rapidly than ever happens with 
any fungus root-disease of tea. When a shade tree is 
struck directly, there is an immediate visible effect 
of the lightning yet when the tea bushes around it 
begin to die later, their deaths are sometimes wrongly 
attributed to a parasitic fungus emanating from the 
dead tree. Far more frequently there is no evidence 
of a direct strike. The absence of sudden death, the 
time interval between the storm and the death of 
the bushes, and, the frequency of thunderstorms are 
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the main reasons why lightning damage is not 
immediately recognised as such. When a number of 
bushes die in quick succession in a patch, lightning 
should always be suspected. The magnitude of the 
discharge, soil moisture and other physical conditions 
undoubtedly determine the extent of injury, the ~ 
distance of lateral spread and the shape of the ~ 
infected area. Little is known, however, concerning — 
the way the electric discharge operates to cause death. 
The general symptoms suggest a serious interference 
with the water supply, probably by the destruction 
of the absorbing roots, but why there should be a 
relatively long interval between the discharge and the 
stoppage of water supplies is unknown. One effect of 
the discharge can often be seen on large woody roots, 
before the bush dies. The cortex of the root appears 
healthy except for dark-brown narrow streaks and 
small circles with sharp boundaries, seen when the — 
surface is scraped. The discoloration extends to the 
wood and sometimes into the wood for a depth of one 
or two millimetres. Those injuries, of themselves 
would not cause death, but they have been found 
only in bushes from lightning struck areas. 


Frost Injury. Injury by frost is rarely mis- 
taken for anything else because the damage follows 
the frost so quickly. The frost-killed parts look as if 
scalded; they lose their turgidity and the leaves 
rapidly turn brown and become dry. At one time it 
was thought that the injury was due to the freezing 
water expanding and rupturing the cell walls. 
Microscopical observations, however, show that the 
cell walls remain uninjured, and that the ice is not 
formed within the cell but in the intercellular spaces, 
Frost killing is now regarded not as the direct 
influence of cold on the protoplasm but an indirect 
influence, the desiccation of protoplasm due to the 
withdrawal of water from the cell. Jt resembles the 
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effect of drought. Frosts occur in the tropics at 
night and they are succeeded by hot sunshine the 
following morning. This tends to increase the effect 
of the frost as water is evaporated from the leaves 
before the soil has warmed sufficiently to allow the 
roots to take up water quickly. They occur during 
clear cloudless nights and result from the loss of heat 
by radiation from the earth. Clouds reflect back 
much of the radiated heat. For this reason the air is 
usually warmer during cloudy nights and frosts are 
less likely to occur then. As the earth cools rapidly 
the air above also becomes colder, denser and heavier. 
In consequence the cold air flows downwards to lower 
levels wherever there is an outlet. Thus the cold air 
on the slopes slips down to the valley at a lower level 
where, if there is no escape, it accumulates and forms 
a frost pocket. The position of such frost pockets 
depends upon the contour of the surrounding land. 
The principal means of reducing the injurious effect 
of transitory frosts is by decreasing radiation from 
the soil. The air is either heated directly by means 
of fires or portable stoves or a thick cloud of smoke is 
produced over the plants. These measures are useful 
in orchards but it is doubtful whether they would be 
economic in tea. Frost pockets should, therefore, be 
avoided when siting tea nurseries. 
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‘Sirocco ’ Endless Chain Pressure Driers are manufactured 
in a wide range of sizes and obtainable in many different 
arrangements and combinations to suit all Tea Factory 
requirements. Of robust construction, these machines show 


substantial economies in operation and maintenance, 


‘ Sirocco 9% Machinery for Tea Estate Factories. 


There is a complete range of ‘ Sirocco ’ Machinery covering 
every stage in the preparation of the tea leaf. Designs and prices 


for complete factories submitted. 


Fully descriptive literature available from:— 


NORTH INDIA James Warren & Co. Ltd., Calcutta 
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SOUTH INDIA Harrisons & Crosfield, Ltd., Quilon 


EASTERN PAKISTAN James Warren & Co. Ltd., Chittagong 
XAVIDSON & CO. LTD. 


irocco Engineering Works, Belfast, N. Ireland 
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CEYLON Davidson & Co., Ltd., Colombo 


CHAPTER XXI. 


TRANSPORT OF LEAF INTO THE FACTORY > 
AND SPREADING ON WITHERING TATS 


The Tea leaf has to undergo several physical and 
chemical changes before it can be rendered fit for 
consumption. These changes require the provision of 
specially constructed buildings and machinery. The 
situation chosen for the erection of a Tea factory 
should always be as open and airy as possible for 
which reason modern factories are never placed in 
valleys even though this may mean an easily available 
and ample supply of water power for driving 
machinery. | 


Tea-making is an art which can only be acquired 
by practical experience. It entails five different 
processes all of which require considerable ex- 
perience of manufacture and close and skilled super- 
_vision, if the best teas are to be made. The five — 
processes are :— 


Withering. 
Rolling. 
Fermentation. 
Firing or drying. 


ail ay A ae 


Sifting and Grading. 


Transport of Leaf into the Factory. The 
actual process of manufacture must be looked upon 
as having been started when the leaf is plucked off 
the bush. The plucked leaf still continues to breathe. 
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As the leaf is plucked it is put into a large basket by 
the plucker, and when it is heaped up in the basket 
it tends to get hot and turn red. Temperatures of 
120°F. and over are common in leaf which has been 


tightly packed for two or three hours. In order to 


avoid red leaf the pluckers are instructed to pack the 
baskets lightly which appears to be an unpopular 
order as it is imagined by the cooly that leaf loosely 
packed weighs less than the same leaf tightly packed. 
The heat generated by the leaf after plucking should 
be free to escape and therefore loose packing is very 
important in the field, and the leaf should be handled 
very carefully between plucking and delivery to the 
factory. The leaf should be weighed quickly and 
batches of leaf sent in to the factory as often as 
possible at least three times a day. This not only 
prevents the heating up and reddening of leaf in 
baskets but greatly facilitates its disposal and helps 
towards efficient organization in the factory. 


The mode of transport adopted should make for 
a quick delivery, and motor and cable transport lead 
the way in this respect. Care should be taken to 
ensure that the sacks in which the leaf is carried are 
not overloaded, but should be loosely packed. Pack- 
ing of leaf bags on top of one another should be 
avoided whenever possible, but if this is not possible 
due to transport difficulties, then the bags should be 
transported to the factory with the least possible 
delay. Onno condition should coolies be permitted 
to ride on top of leaf bags. 


When wireshoots are used for conveying the leaf 
into the factory, bruising the leaf as a result of rough 
treatment is another very common handling fault. If 
wireshoots are used, then the force of impact of the 
leaf bag should be made as light as possible by make- 
ing maximum possible use of grass or straw. If the 
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leaf is bruised as a result of rough treatment, certain 
chemical changes take place immediately with detri- 
mental effects on the finished product. When leaf 
is damaged, the cell contents are mixed and exposed 
to air causing fermentation to take place, as a result 
of which the leaf becomes discoloured. If this is very 
bad the discolouration will show up as a mixed 
infusion. 


Whatever method of transport is adopted, a 
fixed weight of leaf should be stipulated for each 
basket or sack and when the leaf comes into the 
factory, its condition should be ascertained and any 
defects such as overloaded bags, overheating, bruising 
or coarse leaf reported. A very careful watch at this 
juncture is necessary if coarse leaf is to be kept out 
of the factory and if proper treatment of the leaf 
during plucking is to be obtained. 


Spreading. As soon as leaf arrives at the 
factory, it should be weighed up and_ spreading 
commenced without the slightest delay. The sooner 
the spreading is completed the better and it is not 
wise economy to stint coolies for this work. When 
weighing up leaf fresh from the field no deduction for 
water should be subtracted from the total weight of 
green leaf as this practice invariably results in false 
figures and misleading entries will result in the rolling 
programme analysis. Spreading should be carried out 
methodically and entails close and careful supervision, 
and should always commence from the ends of a 
factory and continue towards the bulking chamber. 
Some factories contain lofts which are less effective 
than others and every loft has tat areas where withers 
are hard to obtain, and it will be good policy to 
spread in the best loft first and on moderate cropping 
days to leave all doubtful spaces on tats vacant. It 
will be found in practice that those lofts situated on 
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the upper stories are generally the most favourable 


for withering whilst the lower one over the drying 


room is invariably poor in this respect. If space 
permits, the tats next to the bulking chamber, the 
two topmost ones of each bank and all edges adjacent 
to the window for a distance of at least 18 inches are 
areas to be left vacant if this is possible. On rush 
days when all available space has to be utilized, the 
worst lofts should be reserved for inferior leaf such as 
tippings, and of course it would not be possible to 
consider odd and inefficient withering areas on heavy 
days. 


Factories at the present time have their withering 
accommodation based on 15 sq. ft. of tat area to a 
pound of green leaf, the calculation being arrived at 
from an average of the seven heaviest days of a year. 
This ‘ratio can be raised to still thinner spreading at 
the rate of 20 sq. ft. to a pound on days when crops 
are small. The benefits of thin spreading in the lofts 
are so marked that ample tat area may be regarded 
as an economy. On days when crop is not sufficient 
to tax the tats to their full capacity, the leaf should 
be evenly distributed over as large an efficient wither- 
ing area as possible, and every advantage gained from 
the extra available space. Whatever the intake, 
spreading for any one day should be within reason, 
uniform throughout the lofts. The whole task of 
spreading is considerably lightened if there is perfect 
understanding between the factory and field staff. 
Without this co-operation difficulty will always be 
present when dealing with evening leaf on heavy days. 
Three or more weighings in the field greatly facilitate 
the work of accurately proportioning the leaf for the 
tats. The custom of spreading thickly on those 
places where an over wither is likely to occur should 
be discouraged because under such conditions, apart 
from the impossibility of obtaining even withers when 
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the spreading is thick, overloading on those portions 
can only increase the amount of leaf to be spoilt. 


During spreading, the leaf should never be left 
lying about in heaps, otherwise, heating of the leaf — 
will take place, and coolies should be prevented from 
_ treading more than necessarily on the leaf. Spreading 
can finally be evened up by judicious tapping under 
the hessian and by gently knocking over any leaf 
which has collected in heaps. A flat wooden batten 
of about a yardin length is very suitable for this - 
work. As coolies are liable to tread on leaf lying in 
the gangways awaiting spreading, they should be 
trained to clear a standing space from where the 
lower tats can be easily spread. The hand and foot 
rails attached to the tat posts for the facilitating of 
spreading should be erected in suitable positions. 
Otherwise coolies invariably use the wires as rungs 
and breakages will continually occur. The foot rail 
should be sufficiently high enough to permit the upper 
tats to be comfortably reached bya normal sized 
worker. Sliding platforms which rest on opposite 
rails will be found a most useful help towards efficient 
spreading, as these can be moved throughout the 
length of the banks and enable a spreader the free 
use of both hands. 


Leaf from different fields and of various weighings 
should, as far as possible be spread separately to 
simplify withering and manufacture and markings on 
small boards hung on the sides of banks of tats 
indicating (a) Field Number (b) Age of field, * young ” 
or “old” and (c) Time of Weighing up, are desirable, 


Collecting. Collecting of leaf from the tats, 
like spreading, must be done with as little delay as 
possible, and the leaf should pass quickly from the 
tats to the rollers. Again a sufficient number of 
coolies is essential, as at the same time spreading of 
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incoming leaf may also be about to commence. When 
tats have been cleared of leaf, they should be 
thoroughly cleaned and all dried leaves and dirt must 
be swept out before the incoming green leaf can be 
spread on them. 


Tats. There are two qualities of jute hessian | 
used for withering tats, the 11 oz. and 14 oz. varieties. 
The number of ounces represents the weight of the 
material per yard. The 11 oz. variety, though cheaper, 
lasts from 3 to 4 years whilst the heavier material 
gives service up to 10 years with proper care and 
maintenance. Tats tend to sag with use and require 
periodic tightening and should be maintained taut 
and free from pockets. Tats are frequently arranged 
in tiers at 4” intervals which spacing gives adequate 
economy in spreading space and affords good aeration. 
When new jute hessian is installed, it must be washed 
to prevent tainting of teas. 


CHAPTER XXII. 
WITHERING 


Withering must be regarded as the most vital 
link in the chain of manufacture. The importance of 
obtaining correct withers must be fully appreciated 
as variations in the degree or evenness of a wither are 
reflected throughout all the stages of manufacture, 
and if quality teas are to be produced, constant 
withering ratios must be adhered to and maintained. 


Changes occurring during Withering. During 
withering, the most noticeable change is the loss of 
water by which the leaf becomes flaccid and is reduced 
from its turgid condition to a pliable form by uniform 
and gradual loss of moisture. This is the most suitable 
condition for normal rolling process. Rollers which 
are in use at present depend on a wringing action for 
the very important process of expressing the sap from 
the leaf and initiating fermentation. Without the 
correct physical condition of the leaf, this is not 
possible, and any attempt at rolling fresh leaf results 
in cutting and not in twisting the leaf so that the tea 
turned out is full of flat pieces of leaf and is referred 
to as flaky. 


The chemical changes which take place during 
withering are not of importance. These are connected 
with carbohydrates and result in the decrease of 
starch and soluble gums and the sugars increase. 
Correctly withered leaf shows the same tannin content 
as fresh leaf. The respiration of the leaf continues 
throughout withering whereby roughly equal volumes 
of oxygen are absorbed and carbon-dioxide given out. 
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The resultant loss may amount to 5 per cent. of the 
weight of the dry matter in the fresh leaf. 


Leaf withered at temperatures higher than about 
90°F. turns red, ‘whilst that withered too rapidly or 
overwithered turns black. In both cases there is a 
loss in soluble tannin owing to the formation of tannin 
compounds which are themselves insoluble or are 
rendered insoluble’ by proteins in the leaf. 


During withering the leaf develops a sweet, fruity 
odour. The water extract of both fresh and withered 
leaf is pale yellow in colour. The taste of the liquor 
from fresh leaf is bitter, whilst that from withered | 
leaf has developed some sweetness although the 
bitterness of the unoxidised tannin is still apparent. 


The obvious change in withering is the loss of 
moisture from the shoot. Water is lost most readily 
from the leaves and least readily from the stalk and 
buds, and it thus happens that ifa shoot is dried 
very rapidly, the leaves may become shrivelled and. 
blackened, whilst the bud and stalk remain turgid. 
Slow withering, therefore, gives time for the trans- 
location of water from the more to the less turgid 
parts of the shoot, and in this manner an even wither 
is obtained. 


The necessity for reasonably slow withering is 
well known in practice. Indeed under very wet 
conditions it is often impossible to obtain a satis- 
factory natural wither in less than 24 hours. The 
ideal withering period is governed by the type of 
leaf being treated, and during the periods when 
flavour is present in the leaf a quick wither is 
desirable, whilst at the times when marked flavour is 
absent, it is preferable to make for liquors and, on 
this account, to wither slowly. 
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Tea made from under withered leaf gives infusions — 
often described as thin in liquor and lacking in 
strength. The infusions also lack pungency and taste 
bitter, a characteristic described as raw, harsh or 
rasping. Well withered leaf, if manufactured 
correctly, gives liquors with all the possible thickness — 
strength and pungency which the leaf is capable of 
developing. r 


Another difference, and a very important one, 
between teas made from well-withered and under- 
withered leaf is that the former have the pleasant 
aroma well developed, whilst the latter usually have 
much less aroma. The term aroma is used here to 
denote that occurring in all black tea, presumably 
due to the tea essential oil, and not the aroma 
peculiar to certain districts and seasons. This latter 
is apparently due to substances other than the 
essential oil. 


The test applied by the planter for checking the 
degree of wither is the same as that used by the 
Chinese for many centuries. The stalk of the shoot 
is bent, and if it is flaccid enough to do so without 
breaking, the wither is considered to have proceeded 
far enough. Experience alone can teach one to judge 
an ideal wither which gives a characteristic pleasant 
fruity odour to the leaf, and when a handful is 
squeezed into a ball, the leaf will not open out on 
release of pressure. A check may be obtained by 
weighing a known quantity of leaf when it is first 
spread and again at intervals. Wither is normally 
described as 50, 55 or 60% as the case may be, and by 
this is meant that 100 pounds of leaf had lost moisture 
until its weight was reduced to 50, 55 or 60 pounds, 


When leaf arrives in the factory in a wet 
condition, withering cannot be said to have commenced 
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until this surface moisture has been removed, and it 
is important that before spreading of wet leaf is done, 
the loft should always be warmed. This process of 
removing water from the surface of the leaf should 
not be confused with withering. For this purpose, 
air can be safely conditioned to have greater 
absorptive capabilities than are permissible for fan 
withering anda difference of 10°F between the dry 
and wet bulbs of the hygrometer may worked with 
without anxiety. The reason for this is that 
evaporation of free water actually tends to cool the 
surface from which evaporation is occurring. The 
coolness felt in a wet finger when waved about is a 
simple example of this phenomenon. Directly all the 
water has evaporated, the body of the leaf commences 
to take in heat and from this time onwards it may be 
regarded as haying entered a danger zone. ‘The 
process should then be discontinued, and air with a 
more favourable hygrometric difference as described 
hereafter should be used for the actual process of 
withering. For all the chemical and physical changes 
to take place evenly and satisfactorily by natural 
means of withering, a period of 18 to 24 hours may be 
necessary and sometimes this may take even longer 
periods under very wet conditions. With artificial 
withering conditions with controlled use of hot air, 
the desired flaccid state of the leaf can be obtained in 
a period ranging from 9 to 12 hours. 


Natural and Artificial Means of Withering. 
Natural withers, when conditions permit their adop- 
tion, are preferable to artificial methods of withering 
for two reasons :— (a) the withers obtained are quite 
even and (b) the quality of the resultant teas are 
unimpaired. In order to obtain the best conditions 
for natural wither, factories are usually situated on 
open sites occupying a hill top where plenty of air 
movement exists. Such factories, even during misty 
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or moderately rainy weather, are able to obtain — 


excellent natural withers within 24 hours. In factories 
which are situated in hollow places for considerations 


of water power, a good natural wither is almost an — 


impossibility and artificial means of withering have to 
be resorted to. 


he ideal withering period is governed by the 
type of leaf being treated and the kind of tea being 
made. The leaf at flavour periods requires a quick 
wither whilst at other times slower withering for good 
liquoring teas is desirable. Hot air for the purpose 
of aritificial withering should never be used as a 
matter of habit, but judiciously so that the chemical 
changes and the physical conditions reach maturity 
about the same time. The most important factors 
which control the rate of moisture transpiration of 
leaves are (1) temperature, (2) relative humidity and 
(3) the velocity of the wind. Withering of tea leaf 
to the degree necessary in tea manufacture is con- 
trolled mainly by temperature and to a smaller extent 
by the other two factors. The development of con- 
trolled artificial withering has been made on these lines. 


In the early times when hot air was first used for 
withering purposes, all hot air from the firing room 
was allowed to pass through holes in the ceiling and 
to find its way through the loft. Exhaust fans were 
placed at the ends of the lofts and the hot air was 
thereby sucked out across over the withering leaf. 
The drawback to this method was that the exhaust 
air temperature of the driers is usually in the neigh- 
bourhood of 120° F and this mixed with the air of the 
firing room, produces an atmosphere in the loft with 
a temperature of about 100°F. If strong fans are 
installed in the loft this temperature may be lowered 
somewhat, but such a loft invariably produces red 
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leaf, and where the hot air enters, the leaf is usually 
blackened and over-withered. 


The next stage in control was the introduction of 
the central bulking chamber in which hot air from the 
firing room is bulked with outside cool air. At first 
the bulked air was drawn through the loft by suction. 
It was then found that better bulking was obtained 
by placing a boosting fan in the bulking chamber and 
moving the bulked air through the loft under pressure. 


As experience accumulated it was found that in 
a loft much longer than 60 feet, the boosting fan 
required the assistance of a suction fan at the end of 
the loft in order to move the air over the leaf ata 
sufficient speed. Lofts are seldom longer than 100 
feet. The bulking chamber is situated over the firing 
room and reaches from the ceiling of the latter to the 
roof of the factory. 


The lofts are situated one on either side of the 
bulking chamber and there may be three stories of 
lofts making a total of six in a factory. The bulking 
chamber may be about 20 feet in width making the 
total length of the upper stories of the factory about 
990 feet in extreme cases. A common width fora 
loft is 40 feet and in such cases the loft windows may 
be opened on fine days and natural withers obtained. 


In controlled lofts the temperature should be 
kept well below 90°F. if possible, and the difference 
between the wet and dry bulb thermometers shown 
on leaving the bulking chamber should be about 4° to 
6°F. Under certain conditions it is observed that 
the leaf near the bulking chamber withers more fully 
than that at the exhaust end of the loft because the 
air has a much greater drying capacity on entering 
than on leaving the loft. To obviate the uneven 
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wither thus obtained, systems were introduced where- — 
by the direction of the air current in the loft could be 
reversed and the wither evened up throughout the loft. — 
With this object, two systems of loft control, known — 
as the ‘Reversible’ and the ‘ Alternating”, have © 
been developed and patented. 


The Reversible Withering System. In the © 
reversible system the air first enters loft A from the 
bulking chamber and passes over the leaf to the end 
of the loft where it enters a small bulking chamber, 
thence to loft B which is above or below loft A. The 
passage of the air through the second loft is assisted 
by a fan placed in the end bulking chamber. After 
it has traversed loft B, the air is exhausted by side 
windows near the central bulking chamber. The 
drying is greatest in loft A where the air enters, and 
least in loft B where the spent air is discharged. 
After a suitable period has elapsed, by closing certain 
doors and windows and opening others, the air is first 
sent into loft Band then back through A. In this 
manner even withers are obtained in all lofts at 
moderate temperatures. 


The Alternating Withering System. In this 
system, the air is sent either directly through the loft 
and out at the exhaust end, or first through a false 
loft, between the ceiling of the top loft and the roof 
of the factory, and then through the loft in the 
reverse direction, i.e. from end to centre, and out 
through side windows. 


Artificial withering becomes necessary whenever 
the atmosphere contains so much moisture that its 
evaporating power is low, and the time taken to 
obtain a natural wither is prolonged to such an 
extent that the leaf begins to decompose, or other- 
wise spoil, before it has lost the desired percentage of 
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moisture. In order to determine whether the atmo- 
sphere is too moist to wither leaf naturally in a 
reasonable time, say, 18 to 24 hours, its evaporating 
power must be measured. This can be done in several 
ways, but most conveniently by means of a wet and 
dry bulb hygrometer. It consists of two thermo- 
meters, one of which is exposed to the air and 
indicates its temperature, while the other is kept 
continually moist. The evaporation of water from 
the wet bulb keeps its temperature lower than that 
of: the dry bulb. The difference between the two 
temperatures depends upon the dryness of the air. 
When this difference is great, it indicates that 
evaporation is going on rapidly and that the air is far 
from being saturated. When the hygrometric differ- 
ence is small, we know that the air contains much 
water vapour and evaporation is slow. When, how- 
ever, there is no difference between the two thermo- 
meter readings, it shows that no evaporation at all is 
possible because the atmosphere is already fully 
saturated with water vapour. 


It is of the utmost importance that the lowest 
possible temperatures should be used for the artificial 
withering of tea leaf. The hygrometer will at once 
show what the lowest possible temperature is, and 
it will be found that differences between the wet and 
dry bulb readings of 6 to 8°F. will give excellent 
results, provided the air is passed through the loft at 
a speed sufficient to ensure it being expelled before 
an unduly high saturation point is reached. It must 
be remembered that the higher the hygrometric 
difference, and consequently the temperature used, 
the higher must be the air speed to get even results. 
Low hygrometer differences and high air speeds will 
give the most even artificial withers. 


The hygrometer differences and readings of the 
dry bulb must be carefully watched for both the out- 


( 346 ) 


side conditions and those in the lofts. As large 
differences or high temperatures tend to spoil the 
quality of the leaf during withering, the conditioned 
air should be maintained at a dry bulb reading 
slightly above that of the outside atmosphere, and 
only raised sufficiently to give the required drying 
potential. If during the day time outside conditions 
are either too hot or show high hygrometer differ- 
ences, the use of fans would be most undesirable and 

should be avoided. | 


Hygrometers should be placed in correct places. — 
The one recording the temperature of the inlet should 
be in front of the first bank and the one at the exit 
end directly opposite the window through which the 
air is dicharged. When air is led from one loft to 
another below it or above it, the hygrometer should 
be placed behind the last bank of tats. If the 
hygrometer difference is found to be less than 3°F. 
after it has passed over the leaf, little will be gained 
by passing it through another loft. If after travers- 
ing two lofts or more, air is discharged into the 
atmosphere with a hygrometric difference of over 
4°F’, this would indicate that excess heat is just being 
wasted. 


Types of Wither and Their Effects. Withers 
may be divided into three types according to moisture 
removed from the leaf. They are termed (a) Light 
or Soft (b) Medium and (c ) Hard withers. 


Light or Soft Withers. When leaf has been 
withered down to only 60% or 65% of its original 
weight, the withers, are said to be soft or light and 
will be termed underwithered if this percentage is 
higher. Feeding lightly withered or underwithered 
leaf to the rollers with the purpose of completing the 
day’s work quickly is false economy. In any case 
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the surplus moisture has to be removed and driven 
_ off in the driers which will result in greater fuel 


consumption and entail longer time to complete 
firing. 


Lightly withered leaf will not lend itself to hard 
rolling and maximum possible sap cannot be expressed. 
Under pressure the leaf breaks up and will not take 
a twist in the rollers to wring out the juice. Teas 
made from underwithered or softly withered leaf gives 
infusions often described as “‘thin’’, and “lacking im 
strength.’ The infusions lack pungency and _ taste 
bitter, a characteristic which is described as ‘“‘ Raw ” 
‘‘Harsh” or Rasping”. When underwithered leaf is 
rolled and spread on the fermenting tables, the colour 
is usually bright red. A _ similar colour can _ be 
obtained by spraying any fermenting leaf with water, 
and a bright colour on the floor is no guarantee that 
the infused leaf will be bright. Indeed, the infused 
leaf of tea made from under-withered leaf is generally 
greenish. | | 


_ As the leaf breaks up in the rollers before it can 
take a twist, flaky teas result, and usually all tips are 
discoloured and stained to a deep brown colour. To 
fire under-withered leaf, the firing temperature is 
often raised in order to enable the drying machine to 
cope with the leaf as it is brought in from the 
fermenting room to be fired. High firing temperatures 
on very wet leaf produce a tea which is brownish in 
appearance. This can be avoided by firing slowly at 
normal temperatures. . 


Medium Withers. Leaf is said to be medium 
withered when it has been withered down to between 
50% and 55%, of its original weight by slow respiration 
and evaporation in 18 to 24 hours by natural means 
or in shorter time by means of artificial withering. 
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These withers are just right, and the leaf develops a 
sweet and pleasant fruity odour and still retains its 
green fresh colour. ‘This type of leaf, if subsequently 
treated properly makes for black, well-twisted teas, 
with strong, pungent or brisk liquors and bright infused 
leaf. The tips do not get stained as their fine hairs 
absorb the juice and on firing come out with a 
characteristic pale golden colour. Medium withers 
give the leaf the proper physical condition by which 
it is able to take a good twist in the rollers and make 
for the maximum expression of sap. 


Hard Withers. Hard withers reduce the weight 
of the leaf to about 45% of its original weight, and 
more removal of moisture results in overwithering. 
The harder the wither, the less fluid there will remain 
to wring out, and if this is carried beyond a certain 
limit and unduly prolonged, the soluble tannins in the 
leaf form compounds which are not easily soluble and 
the liquor resulting from such hard withers is * thin” 
though pungent and of good colour, Overwithered 
leaf, however, will not ferment well owing to its 
dryness and hence tends to produce very thin or 
“washy”’ liquors. The practice of adding water to 
the leaf in the roller if it has been over withered is a 
good one because it aids fermentation and improves 
the colour of the infused leaf. The tips when over- 
dried in withering appear white or grey in colour 
after manufacture as the hairs will not ‘take’ the 
juice during rolling. The infused leaf will also show 
up as very uneven. If the shoot is withered too 
rapidly the thin leaves may over-wither and blacken 
whilst the bud and stalk may remain under-withered, 
Such leaf when manufactured gives uneven infused leaf, 
containing dark coloured pieces which represent those 
parts of the shoot blackened due to overwithering. 
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The best withers are those which strike a medium 
between hard and light withers. Leaf withered down 
around 52 to 53% gives the best twist with no loss of 
juices when rolled under pressure. Under-withered 
leaf, as already explained, gives teas of little 
character. A soft wither permits fermentation to 
take place slowly and hard withers quickly. There- 
fore, in hot weather, it is possible to regulate 
fermentation by regulating the wither. Spasmodic 
use of hot air for withering is very unsatisfactory. 
The best withers are obtained by running the fans for 
long periods with the least amount of hot 7 daa = 
hygrometric difference of 4° to 6°F between the wet 
and dry bulbs is quite sufficient to wither the leaf 
without any rapidity in the process even if the leaf 
is in a wet condition. When high temperatures are 
used for withering, apart from the likelihood of 
natural quality being impaired by the mere presence 
of excessive heat, should air be supplied with high 
absorptive powers, the moisture contained in the leaf 
will attempt to become free at rates greater than the 
tiny capillaries and passages in the leaf structure are 
able to cope with. These choke and the leaf 
commences to dry. from the edges towards the centre 
rib and stalk. At the end of the wither it will be 
found that although there is every indication of severe 
overwithering and drying on the major portion, the 
ribs and stalk are full of moisture which has been 
quite unable to escape. As can well be imagined, 
the effect on quality will be ruinous. It is therefore 
of the utmost importance that the lowest possible 
temperatures should be used for artificial withering 
of tea leaf. The hygrometer will at once show what 
the lowest possible temperature is, but in any case 
the difference between the wet and dry bulb readings 1s 
the vital point which for successful artificial withering 
should not be less than 4°F or greater than 8°F, and 
when higher hygrometric differences are used, the air 
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should be passed through the loft at a speed sufficient 
to ensure its being expelled before an unduly high 
saturation point is reached. 


The various points dealt with in this chapter 
may be summarised as follows :— 


1. Natural and consequently cool withers are 
better than warm artificial withers, provided 
the period is not unduly lengthened; but 
during a greater part of the year, the 
use of heated air is a necessity in many 
factories. 


2. When artificial withering is resorted to, the 
lowest possible temperatures should be 
used, which can be ascertained from a 
hygrometer. 


3. The temperature entering any loft should 
never be more them 10°F. higher than the 
atmosphere no matter what outside tempera- 
ture conditions exist or at what temperature 
the drier is run. An increase of about 10°F 
in the dry bulb temperature is sufficient to 
give conditions suited for withering 
purposes, 


4. The only vital point that need be taken into 
account to make a practical success of 
artificial withering is the DIFFERENCE 
between the wet and dry bulb readings of 
the hygrometer. A hygrometer difference 
of 6°F. can be safely taken as a measure of 
the optimum temperature. This difference 
can be varied between 4°F to 8°F. 


5. When temperatures to produce higher 
hygrometer differences are used, higher air 
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speeds have to be used to get even results. 
The rate of flow of air passing in either 
direction over a loft can be regulated quite 
easily by discharging air-from one or more 
lofts into all, or one of the remaining lofts 
in a reverse direction. Lagging withers 
can be hastened by this method although 
great care must be taken to guard against 
over withering near the bulking chamber 
when passing the whole volume of air 
through one loft direct. 


6. A “hot-house” atmosphere is not at all 
necessary for satisfactory withering. <A 
phenomenon which is usually grasped with 
difficulty by the inexperienced is that dry 
air of a given temperature feels cooler than 
a damp air of the same reading, and the 
former is capable of greater withering 
powers than the latter. Very suitable 
hygrometric differences. are possible with- 
out having to raise the dry bulb tempera- 
ture beyond a point where quality is likely 
to be seriously impaired. Optimum tem- 
peratures and hygrometric differences are 
given under 3 and 4 above. 


7. The supply of outside air to fans can be 
drawn from various sources through the 
firing room windows, and through the 
windows situated on the gangways of the 
bulking chamber. The supply of hot air to 
the fans is drawn from the raising or 
lowering the temperature of the drier, and 
regulation of the hygrometer differences 
and dry bulb readings can be adjusted 

within safe limits by alteration of both 
: 


these supplies. 
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Another adjustment is possible by opening 
or closing the windows through which air 
is exhausting from the lofts. Closing 
causes a rise of temperature and hygro- 
metric differences and dry bulb readings to 
occur as the exit becomes restricted. Care 
must be exercised never to use more than 
one or two windows for this regulation, 
otherwise the atmosphere in the lofts will 
become stuffy. 


Alterations to the settings of windows 
around the firing room although effective 
are inadvisable. Should too many of these 
windows be closed and the incoming air 
supply reduced, there will be every likeli- 
hood of the fan suction overcoming a weak 
chimney draught and smoke or flame being 
drawn out of the furnaces. Further, if tea 
is being fired at the same time, and fan 
withering is in progress, restriction of this 
outside air supply will affect the thermal 
efficiency of the dryers. 


8. The influence of the degree of the wither 


on the tea produced may be summarised 
as follows :— 


Underwithered leaf gives a flaky tea, raw 
liquors and greenish infused leaf. 


Over-withered or unevenly withered leaf 
gives tea with a thin liquor and wneven 
infused leaf. 


Correctly withered leaf, if subsequently 
treated properly, makes for black, well- 
twisted leaf, strong, pungent or brisk liquors 
and bright infused leaf. 
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CHAPTER XXIII. 
ROLLING 


When the leaf has been correctly withered and 
becomes flaccid, it is ready for the next important 
operation of rolling. Care should be taken to see 
that the floors of the lofts have been swept clean 
before the leaf is taken down from the tats. Only 
sufficient quantities of leaf as are required for charging 
the rollers should be taken down at a time, and leaf 
taken down in excess should not be allowed to lie in 
heaps, but must be returned to the tats. 


Sifting of withered leaf. A great deal could 
be achieved in the manufacture of clean Fannings and 
Dusts free from sand and grit by sifting the withered 
leaf before charging it into the rollers. This should 
be done preferably over a No. 4 mesh as quickly as 
possible with the least amount of handling. The 
amount of unsuspected dirt, stones, gravel and sand 
that will fall through will be amazing. A certain 
quantity of tips and buds will also come through, and 
in order to separate these from the waste, all material 
coming below the No. 4 mesh should be hand sieved 
over a bamboo sieve of No. 10 or similar size, and the 
buds collected in this manner should be put into the 
roller receiving the first charge. It will be appreciated 
that the bigger stones and particles of grit will be 
pulverised as rolling advances, and it will be increas- 
ingly and exceedingly difficult to separate the fine 
sand and grit in the later stages of manufacture. 
Therefore sifting of withered leaf is a desirable opera- 
tion and should be carried out wherever the machinery 
and labour are available for the purpose. 


= ————— 
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The primary object of rolling is to express the 
sap and juices from the leaf by rupturing its cells, 
As soon as the cells are ruptured, the enzymes or 
ferments in the leaf come in contact with the oxygen 
of the air and oxidisation necessary for the substances 
responsible for flavour, colour, aroma etc., to develop 
takes place. 


At the present time there are many types of 
rollers in use-and there is little to choose between 
them as far as general design is concerned, All 
rollers consist of a table, which may or may not be 
stationary, and a suspended box to contain the leaf 
while it is being rolled on the table. The sweep of 
the box and leaf over the table when in motion 
produces a churning action in the leaf contained in 
the roller, and this results in giving a twist to the 
leaf. At the same time the weight of the leaf mass 
gives the desired pressure effect. These actions are 
again enhanced by fitting bars of various shapes 
called ‘battens’ across the table and by the addition 
of a loose cap to the top of the box. This cap can be 
moved up and down by means of a spindle so that 
additional pressure can be brought to bear on the leaf 
as required. 


Roller Battens. In order to obtain the desired 
twist and wringing action of the leaf in the rollers, 
various types of battens have been introduced and 
patented, but very little is known about the reasons 
for their confusing shapes and sizes. The primary 
importance of the battens is to form an obstruction 
in the path of the leaf surface so that the leaf is 
rolled over their surface and is thus given a twist. At 
the same time they form a drag on the surface of the 
load and this gives the charge a churning motion which 
ensures mixing of the leaf in the roller and also brings 
a new lot of leaf in contact with the roller table and 
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battens. It would thus appear that the position of the 
battens must bear some relation to the movement of 
the box across the table if they are to produce the best 
result, but unfortunately there is no consensus of 
opinion as to what is the best position. The battens 
also help in cutting the leaf in the rollers, the amount 
of cutting depending on the shape and depth of the 
battens as well as on the pressure put on the leaf. 


The function of the battens has been developed 
more and more in recent years to produce the 
maximum amount of broken grades with the least 
amount of cutting during grading, and in many 
instances this has been overdone, leaf being cut and 
removed from the rollers before it has been properly 
crushed. This results in uneven fermentation and thin 
liquors. The roller table should not be too crowded 
with battens otherwise the leaf simply rides over 
them, but they should be spaced so as to allow a 
reasonable bulk of leaf to be pressed into the hollow 
between them. When this leaf comes up against the 
battens it will have more pressure on it at the 
moment of impact owing to the packing effect of the 
load and batten, and a good twist will be obtained. A 
good twist is necessary because it improves the 
appearance of the made tea, helps greater wring- 
ing out of sap, causes a gradual break up of the leaf 
from tender portions to the more resistant parts of 
the flush, and also makes for gradually increasing an 
even pressure as the leaf becomes more and more 
tightly twisted. If a withered flush is taken and 
twisted it will be seen how easy it is to express the 
sap from the leaf in this way. 


Pressure Cap and Pressures. All types of 
rollers are fitted with a pressure cap which helps to 
exert any desired pressure on the leaf which is being 
rolled. It permits greater sap extraction which would 
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otherwise be difficult when withers are hard and 
means of applying pressures for sap extraction are 
not available. There are in practice various systems 
of pressure application, but with whatever system 
adopted, pressures must be increased gradually. 
Pressures in any form should not be applied in the 
initial rolling. The first roll should always be done 
with the pressure cap just touching the leaf, and the 
initial twist is obtained through the weight of the 
leaf mass. For satisfactory expression of juice the 
leaf has to be twisted and this action takes place by 
the ordinary friction between leaf and leaf and to 
achieve this maximum leaf circulation and leaf move- 
ment in the roller is most important. Once the initial 
twist has been obtained, judicious application of 
pressure according to wither largely determines the 
amount of inherent quality which is brought to the 
liquors. High pressures in the early stages will shear 
the leaf and once the leaf has been cut up in this 
way, further twisting and sap extraction will be more 
difficult and the finished teas will be flaky in 
appearance having thin liquors. 


Constant high pressures in subsequent rolls would 
again suppress circulation and the leaf compressed in 
the roller jacket by a tightly screwed down pressure, 
cap is dragged round over the battens and torn to 
pieces by sheer abrasive action. Thus dhool may be 
torn off from leaf which is not properly twisted and 
poor liquoring qualities will result. 


In practice we have a compromise of raising and 
lowering the pressure caps at frequent intervals with 
varying degrees of pressure to enable the leaf to cool 
and be in continuous movement. No hard and fast 
rules can be laid down regarding the application of 
pressures because this will depend on the type of 
wither and the character of the final product which is 
desired, 


q 
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Cone Rolling and Fittings. As already ex- 
plained, sap extraction depends on twist and is 
- entirely due to the turning action of the leaf in the 
rollers. Battens carry out most of their work not 
with their outer portions as much as with the parts 
towards the centre of the table. The knowledge of 
this important principle in recent years has been 
utilized for the accentuation of fittings on the roller 
table door, and gave rise to “‘ Cone-Rolling”’ which is 
now better known as “Epicyclic Pressure Rolling”. 
In its earliest and simple form, a cone like projection 
or boss was fixed to the centre of the table and this 
intensified circulation by causing a greater turning 
action than that provided by battens alone. Also, 
with each turn of the roller, the leaf caught between 
the projection and the roller jacket was subjected to 
a hard squeeze under much heavier pressure than that 
afforded by the standard pressure cap and resulted in 
greater extraction of sap. There is always an 
optimum size in such a fitting because if it were too 
large or if the gap between the projection and the 
roller jacket were too small, there will be no more 
turning action but the leaf will get smashed and cut 
up and extraction of sap will be insufficient. This 
great pressure set up in the gap between the fitting 
and jacket occurs in an epicyclic path and this gives 
rise to its name “ Epicyclic Pressure Rolling”. Before 
any alterations to existing rollers are made, expert 
advice from engineering firms should be sought. 
Some of them are pioneers in the field of Cone Rolling, 
and in collaboration with the Tea Research Institute 
of Ceylon have produced some excellent fittings. 
Amateur fittings by trial and error methods are not 
advised for the following reasons :— 


1, E)P. fittings are efficient only when the gap 
petween the projection and the jacket 
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ensures a squeezing action, and not a 
smashing or cutting action. 


2. ‘Too small a gap will cause serious damage to 
the roller jacket. 


3. The shape of the fittings should be such 
that it has no cutting edges. 


4. The dimensions of the fittings should vary 
according to the size of the roller and its 
jacket, its type, single or double action and 
its crank throw. 


The general principles followed in the manufacture 
of cone fittings are briefly described below. The height 
of the projection is not a very important consideration, 
but the width hasa marked effect on its efficiency. 
The height can be equal to the radius of the roller 
table-door, but the width of the gap must be between 
24” to 3’. If the distance between the projection and 
the jacket is less than 2”, the cutting and tearing 
action becomes increasingly severe whilst increasing 
the gap to more than 3” brings about a rapid fall in 
the dhool production. 


Correct fittings increase the dhool output of each 
roll to almost double. Rolling can be completed with 
3 rolls of 20 minutes each against the normal 4 
rollings of 30 minuts each. 


Temperature of Fermentation during Rolling. The 
crushing effect of the rolling on the leaf initiates the 
chemical changes which make for fermentation of the 
leaf. Fermentation thus starts as soon as the rolling 
commences, but it must be remembered that this does 
not mean that it is general for every leaf and particle 
in the roller. Uniform and thorough fermentation can 
only be produced as the pressure becomes more and 
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’ more uniformly felt by each leaf. It is, therefore, 
easy to realise how the tender leaves and buds which 
are easily crushed undergo the most thorough fer- 
mentation to start with, and why it becomes necessary 
to remove them from the roller periodically. Proper 
fermentation in the coarser leaves is not obtained 
until heavier pressure is applied owing to their 
greater resistance to pressure. Coarse leaf should not 
therefore, be removed too early from the roller other- 
wise it will not ferment properly and will make for 
uneven infusions later. From this point of view the 
pressure during rolling should increase progressively as 
the rolling proceeds, thus obtaining a gradual disinte- 
gration of the flush in the process and avoiding mixing 
too much of the sap of the finer leaves with the poorer 
sap of the coarse leaves. 


Once the fermentation has started, certain effects 
are produced and the most important of these from 
the point of view of rolling is that of the heat pro- 
duced by the chemical changes in the leaf. A certain 
amount of heat is developed as a result of the friction 
between the leaf and the table but the greatest 
amount of heat is developed as the result of the 
chemical changes involved. The quantity of heat 
developed depends on the weight of leaf fermenting 
and the extent of the fermentation induced in the 
leaf. The biggest factor in producing fermentation is 
the pressure on the leaf, and the amount of pressure 
and the period for which it is applied can be controlled 
by means of raising the pressure cap screw at 
frequent periods which also allows the churning 
motion of the leaf in the roller to loosen up the leaf 
mass so as to prevent balling, and allows cool air to 
enter and thus gives the leaf a chance to dissipate the 
heat developed into the cooler atmophere of the 
rolling room. 
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The quantity of heat developed depends also on 
the rate at which fermentation proceeds once it has 


started, and one of the most important factors govern- — 


ing the rate of fermentation is the temperature itself. 
The higher the rolling room temperature the more 
rapid is the fermentation when started, and this again 
makes for greater heat development per unit weight 
than would be the case at a lower rolling room tempe- 
rature. Control of the rolling room temperature does, 
therefore, give some control over the heat production 
in the rollers, and is of great benefit at low elevations 
where high outside temperatures are the rule. 


Experiments have shown that fermentation at 
temperatures above 86°F is bad as the aroma 
developed at the higher temperatures is not pure and 
pungency is lost, and it must be noted therefore that 
the temperature of fermentation is more important in 
connection with rolling than with the dhools spread 
out to ferment. It is of great importance that the 
temperature of the leaf in the rollers should be kept 
down as far as possible if loss of quality is to be 
avoided. 


Light Pressure Rolling. When light rolling is 
done, it promotes twist formation in the early stages 
and is very essential for softly withered leaf which 
will not twist under pressure. Once this purpose has 
been achieved, the wringing out of the juice should 
be done under gradual increase of pressure to give 
strength and colour to the liquors. Light rolling 
does not make stalks and ribs of the leaf conspicuous 
and although lightly rolled leaf is poor in strength, 
quality and colour, the appearance will show 
considerable improvement over leaf that has been 
subjected to hard pressure rolling. 


Hard Pressure Rolling. Heavy pressure rolling 
contributes to extra colour and strength but should 
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be done only with the 3rd and subsequent rolls. Asa 
-tule, the first roll is done without pressure to help the 
leaf to take a twist by the ordinary abrasive action 
of leaf over leaf. The second roll with its light 
pressure accentuates the twist and makes it ready for 
wringing out the juice under the heavier pressures of 
subsequent rolls. Hard withered leaf will invariably 
require the heaviest pressures for sap extraction. 
Hard rolling gives a larger percentage of broken 
grades without subsequent use of cutters to an 
appreciable extent. Softly withered leaf will not 
lend itself to this treatment, and under pressure the 
leaf gets torn before it is twisted and once the leaf is 
sheared and cut up the expression of sap is well nigh 
impossible. 


Rolling Techniques. There are many ideas 
as to the number of times leaf should be rolled, 
the length of each individual roll, and the periods of 
applying pressure. In suitably equipped modern 
factories the need of more than four rolls is 
questionable. It would appear that a standard of 30 
minutes per roll is a simple and satisfactory basis to 
allow for a period of rolling. The applications and 
removal of added pressure is a widely variable point 
although the main idea behind this is to cool and 
prevent the balling of the leaf by the free churning 
movement of the leaf from time to time. One 
satisfactory method is to apply pressure for 6 minutes 
and release pressure for 4 minutes. This: provides 
three applications of pressures in a 30 minute roll. 
The question is one which is largely governed by heat 
and local conditions. 


Since appearance 1s undoubtedly of importance 
for low elevation teas and the presence of tip in the 
tea very desirable, it is necessary to consider these 
requirements. The first roll therefore, should not be 
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carried out with added pressure from the cap but the 
cap should just follow the leaf so as to force the leaf 
mass to churn inside the roller. In the second roll, 
pressure can be applied to an increasing extent as the 
rolling proceeds, checking any undue heat formation 
by slacking off the roller cap periodically. In no case 
should pressure be applied suddenly, otherwise caking 
of the leaf will result especially where a softish wither 
is taken. Similarly the third and fourth rolls are~ 
treated in the same way except that increasing 
pressure is applied, and the period of applying © 
pressure should be shortened in the later rolls. The — 
normal period of each roll should be about thirty 
minutes but the third and fourth can be shortened a — 
little to allow removal of the finer leaf and for cooling 
in the roll breaking. 


At medium elevations longer rolling can be 
carried out and the increase in pressure can be more 
gradual since there is not the same necessity to 
shorten the rolling period. Here also it will be found 
that it issledom necessary to exceed 4 or 5 rolls, 
and if there is any tendency to softness in the teas, 
provided this is not due to bad drying an improve- 
ment may often be effected by cutting out the fifth 
roll and removing a little more dhools earlier in the 
rolling. 


At high elevations greater latitude is allowed for 
the rolling programme, but rolling should not be 
prolonged too much. Everything should be done 
during the early rolls to ensure a good twist in the 
leaf. If this is done expression of the leaf sap will be 
easier and the appearance of the made tea will be 
improved. As already stated, the degree of wither of 
the leaf must be taken into consideration as this is 
an lnportant factor in deciding how hard the leaf can 
be rolled. Light withered leaf must be very carefully 
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rolled otherwise it will be cut and not twisted, and if 
too much pressure is put on, the leaf mass will cake 
and the tea will have a very poor appearance. Hard 
withered leaf on the other hand must be rolled hard 
or else the leaf will not twist, giving a poor appearance 
to the tea, greenish infusions and thin though pungent 
liquors. Another reason for applying hard pressure to 
hard withered leaf is that the sap can only be squeezed 
out of the leaf in this way. 


The common techniques of rolling in use are 
described here for the benefit of the young planter 
and these cannot be accepted as standard since the 
conditions for each factory have to be taken into 
account. ‘T'wo factories quite near each other may 
have quite different withers and will, therefore, have 
to modify their rolling accordingly. Adjustment will 
often be necessary in the rolling procedure to meet 
the varying conditions of weather, leaf and market 
demands as regards appearance, liquors, flavour etc. 
Normally 4 rolls are quite sufficient to meet the 
ordinary demands of the trade in seasons neither too 
wet nor too dry. This may be carried out as follows :— 


Ist Roll - 30 mts. duration without pressure. 


dnd Roll - 30 mts. duration. Pressure to be ap- 
plied progressively at. intervals of, 
say, 6 mts, ‘ON’ and 4 mts. ‘OFF’. 


3rd Roll - 30 mts. duration. Maximum pressure 
to be applied at above intervals. 


4th Roll - 30 mts. duration. Maximum pressure 
to be applied at above intervals. 


Big Bulk - To reduce big bulk as much as possible, 
it should be continuously rolled. The 
procedure is to add the Big Bulk from 
the Ist batch to the 4th roll of the 
Qnd batch; the big bulk of the 2nd 
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batch to be rolled with the 4th roll of 
the 3rd batch and the big bulk of each 
batch should be so transferred to the 
4th roll of the succeeding batch until 
the day’s rolling is completed. This 
method will give more colour to the 
liquors and reduce the big bulk to less 
than 5%. 


Rolling Softly Withered Leaf. The rolling of 
softly withered leaf is decidedly problematical. Pres- 
sure instantly causes valuable juices to escape and — 
these eventually pour out of the roller. If on account — 
of this wastage added pressure is withheld, the pro- 
portion of big bulk becomes excessively large. Quality — 
must suffer in either case and in order to avoid a.flaky — 
appearance and overstaining of tips, a light rolling — 
programme may be adopted as follows:— | 


Ist Roll - 30 mts. duration without pressure 
with pressure cap lid just touching the 


leaf surface. . 


2nd Roll - 30 mts. duration with light pressures 
applied progressively with pressure 
cap ‘ON’ for 6 mts. and ‘OFF’ for 
4 mts. 


3rd Roll - Same as 2nd Roll. 


4th Roll - 30 mts, duration with maximum pres- 
sure ‘ON’ for6 mts and ‘OFF’ for 
4 mts. 


Continuous rolling of big bulk is not advised in 
regard to softly withered leaf. 


Rolling for Appearance. To obtain a good 
appearance in the finished product, rolling should 
be carried out without much application of pressure, 
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This ensures a good twist to the leaf without cutting 
and shearing it and discolouring the tips, and makes 
the red stalk less conspicuous and the resulting teas 
are black. Soft and medium withers are necessary 
for appearance because if withers were hard, higher 
pressures will be necessary for the expression of sap 
and inthe process appearance will be lost. In this 
connection rolling speeds in excess of 45 r, p. m. 
have the same effect as hard rolling. With a 60% 
wither rolling procedure would be the same as the 
one previously described. 


Rolling for Flavour. Tea in high elevations 
and at certain seasons, especially in times of drought 
accompanied by dry winds, has a flavour produced by 
an essential oil inherent in the leaf. This essential 
oil does not exist in the leaf during wet seasons. 
Under hard rolling, the essential oil which is volatile 
in character, rapidly evaporates in the heat produced. 
Rolling for flavour demands cool and, therefore, 
comparatively light rolling and at high elevations 
when flavour is much in evidence, 2 hours rolling 
divided into 3 periods of one }-hour, and two of 
forty-five minutes, or 4 periods of }-hour each are 
found to give the best results. During the first roll 
no pressure is actually applied, but the roller lid is 
lowered just to touch the leaf and is periodically 
raised to allow free motion in the roller jacket. 
During the second roll light pressures may be applied 
progressively at intervals of 6 mts. ON and 4 mts. 
OFF. The subsequent roll or rolls may be accom- 
panied by slightly heavier pressures applied and 
released at the intervals already stated. 


Rolling for Liquors with Strength and Body. 
Rolling for strength requires a greater length of time 
and more pressure than does rolling for appearance 
or flavour. The rolling period may be increased from 
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2 to 3} hours divided into from 4 to 7 rolls depending 
on local conditions. Whether rolling for flavour or 


for strength, it must always be remembered that the 
generation of much heat in the leaf is destructive 


of quality and it is therefore of importance that the - 


roller pressure lid is periodically raised for adequate 
aeration and turning of the leaf. 


In order to secure teas with body and strong 
liquors, the rolling should be carried out to express 
the maximum amount of sap from the leaf and bathe 
the twisted leaf in it. The leaf should be thoroughly 
twisted, the cells fully crushed and the sap wrung out. 
Hard rolling at the same time produces a bigger 
percentage of broken grades which are B. O. P., B. P., 
Fannings and Dust. Strength and colour obtained 
from hard rolling are due to the greater fermentation 
of tannin in the leaf. Hard rolling has a tendency 
to expose red stalks and fibre and stain the tips 
whereby appearance of the tea made is lost to a 
certain extent. This however, is more than com- 
pensated by the point, character and strength and 
body of the liquors obtained. 


Rolling for increased percentage of Broken 
Grades. There are several systems in practice and 
the following procedure is one which involves the use 
of the early rollings, to produce twist to be followed 
by a series of 3 rollings of short duration but maxi- 
mum pressure. The last 3 rolls accentuate the twist 
wring out the sap and juices and break up the dhools 
satisfactorily without undue heating up of the leaf 
in the rollers with its attendant detrimental effects 
on quality. 


Ist Roll - 30 mts. duration without pressure. 


2nd Roll - 30 mts. duration with light pressures 
applied progressively, at intervals 
already mentioned. 


— 


- 
as 
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8rd Roll - 30 mts. duration with heavier pres- 


sures applied at the recommended 
intervals. 


3 more Rolls each of 20 mts. duration 
with maximum pressure. The pressure 
cap should be slightly released during 
the middle of the roll for two or three 
minutes to permit the leaf to turn in 
the jacket. 


Any big bulk left over may be rolled 
with the 5th and 6th rolls of subsequent 
batches. This system makes possible 
a bigger out-turn of broken grades 
without much subsequent machine 
cutting. 


Rolling of Tippings. This leaf and also that 
from recently pruned fields is poor in tannin content 
| and therefore liquors of such teas will be comparatively 
| plain. Being exceedingly soft and succulent, with 
proper care an excellent twist can be obtained. In 
order to obtain the fullest possible sap concentration 
a very hard wither within optimum limits should be 


| obtained and the normal four rolls of 30 minutes each, 


may be carried out. Pressures during the first roll 
should be avoided, but in the subsequent rolls harder 
and heavier pressures must be applied progressively 
for the maximum extraction of juice to give the 
resulting liquors a good colour. 


Rolling of overwithered Leaf. When leaf is 
over-withered, it turns brittle and feels like crisp 
paper to the touch. The soluble tannins in such leaf 
will be around 5 to 7% and liquors will be pale and 
thin and unless handled with special care, the 
appearance will be completely spoilt. If by some 
misfortune leaf has become over-withered, the 
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following procedure should help to secure a distinct 
improvement in the appearance of made tea. This 
type of leaf should be rolled preferably in slow single 
action rollers at a speed not exceeding 40 r. p.m. 
The charge should be well under capacity of the roller 
and as the leaf is charged into the roller, a bucket of 
water should be added to the leaf in small quantities, 
As the leaf absorbs the water, the turning action of 
the leaf in the roller will give it a twist. It is also a 
good practice to mix over-withered leaf with medium 
withered leaf in the proportion of 1 part of over- 
withered leaf to 3 parts medium withered leaf when 
rolling. The sap and juices extracted from the latter 
will be smeared over the over-withered leaf and help 
to distribute soluble tannins evenly and improve 
liquors and appearance to a marked degree. 


The resulting big bulk may be rolled continuously 
as already described. Care must be taken to see that 
the leaf rolled under pressure does not get heated. 
As soon as the leaf feels a little more than warm to 
the touch, pressure caps should be immediately raised 
to cool and turn the leaf. 


Filling of Rollers and Roller Charges. 
Cramming of rollers to more than capacity spoils 
appearance and quality of liquors to an alarming 
extent. Usually rollers are overcharged on rush days 
to get through the day’s work quickly. This is quite 
wrong and the evils attending it are usually not fully 
realised. The leaf is prevented from turning inside 
the rollers with the result that a good twist on which 
the squeezing out of sap depends cannot be obtained. 
When pressures are applied in subsequent rolls, the 
leaf is cut up and most of it gets thrown out again. 
To keep all the leaf inside the roller, adequate 
pressures cannot be made use of and rolling becomes 
wholly inefficient. 
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It is therefore necessary to. take some care in 
filling rollers to ensure a good twist and the best 
policy is to fill the rollers fairly slowly with small 
quantities of leaf while the roller is in motion, In 
‘this way early balling in the roller is prevented and 
if this is combined with a gradual application of 
pressure the leaf takes a twist and packs in the roller, 


The actual quantity of leaf fed into the rollers 
must be considered in relation to the capacity and 
number of the rollers, the rolling period, and especially 
the capacity of the firing machines. Economical and 
smooth running in any factory can only be obtained 
when there is a proper balance between the firing 
capacity and the supply of fermented leaf during the 
day. If the dryers can cope with 300 pounds of 
fermented leaf every hour, the rollers should be fed 
at the rate of 300 pounds of withered leaf an hour, 
and the combination of rollers worked so that this 
can be effected. If the supply to the rollers is more 
than this, fermented leaf will be held up more and. 
more as the day progresses, but if the supply is less 
the firing machine will run empty between the firing 
of different roller charges. This is not economical 
and not good firing since each fresh batch of 
fermented leaf will meet witha hot and dry blast 
of air when fed into the machine. 


The optimum roller charges are recommended by 
the makers of the machines, and the following table 
may be found to be a useful guide. It should be 
noted that a roller is not overcharged as long as the 
leaf in it circulates and turns freely. 


( 370 ) 
OPTIMUM LOAD. 


Size of Roller. Medium withered leaf. 
28” 125 lbs. 
32” 250 ,, 
36” (standard jacket) 250 ,, 
36” (deep jacket) 300 ,, 
40” 350 ,, 
44” 400 ,, 


To be increased by 10% for rolled leaf or over- 
withered leaf. 


To be reduced by 10% for under-withered léaf. 


The above loads will ensure adequate turning of 
leaf in the rollers for obtaining the initial twist and 
maximum possible sap extraction without overheating 
the leaf. The brisk liquors and bright infusions 
resulting from this treatment will more than repay 
the little difference in rolling time gained by over- 
charging of rollers. 


In most factories the system of rolling is made 
into a routine and this is good in many ways as it 
arranges a definite liason between firing room, rolling 
room and withering loft. As the rollers become 
empty, timely warning is given to the loft coolies by 
bell to get a supply of leaf ready so that when the 
rollers are ready there will be a supply of withered leaf 
ready for them. The rollers being filled rolling 
proceeds by fixed periods which may be judged by 
means of 5-minute sand glasses kept near each roller, 
or the time may be given by the man in charge of the 
rolling room who becomes the timekeeper. 


ROLLING PROGRAMMES. 


It is not practicable to stipulate fixed rolling 
programmes since the conditions for each factory 
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| have to be taken into account. These conditions 
vary greatly from estate to estate and factory to 
factory. Size of crops, types and sizes of machinery 
available, nature of withers obtained are invariably 
| different in each estate and factory. Under these 
circumstances a few notes and hints as to how rolling 
programmes should be designed and how the various 
snags that may arise in the working ofa particular 
programme could be overcome, will be found very 


) useful. 


The first and foremost data which must be 
obtained before a rolling programme is prepared is 
the output of the drying machines at a given inlet 
temperature with a known wither. Allowances should 
be made for softer withers or bigger charges by 
running the dryers a little under capacity. The 
dryer output capacity in pounds per minute is the 
rate at which withered leaf should be charged into 
the rollers. If leaf in excess of this quantity is 
charged into the rollers, the firing will get behind, 
fermentation will get out of hand and the liquors of 
the teas will show marked deterioration. 


When more leaf is charged into the rollers than 
can be coped with by the dryers, fermented leaf 
accumulates on the fermenting tables and fermenta- 
tion gets completely out of control. Such teas as a 
rule have soft and flat liquors and infusions are dull as 
opposed to bright in the cup. The leaf may even turn 
sour in extreme cases. These faults normally occur 
during the heavy cropping” months when an endea- 
your is made to get through the day’s work quickly 
or when there is an acute shortage of machinery. 


The next factor to be decided upon will be the 
interval at which the rollers are to be charged. This 
will depend on the number of rollers available, and 
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their capacities. The rollers should be so employed 
that they are neither idle nor used in an incorrect 
order causing confusion. Ifthe timing is incorrect, 
rollings of different batches will overlap. As it is a 
practical difficulty to foresee all the snags attending a 
particular programme, it is advisable to work out the 
programme on paper. Once the interval between 
each roller charge has been decided upon so that no 
overlapping takes place, the charge for the rollers 
may be calculated as follows :— 


ROLLER CHARGE = Interval between | 
charges in minutes x Drier capacity — 
(withered leaf) — 
in pounds per — 
minute, ; 


In order to calculate the quantity of withered 
leaf the firing machine is capable of taking in per — 
minute, all we have to do is to double its made tea 
output per minute. If the wither is hard this figure 
can be increased, or in the case of softer withers it 
may be decreased slightly. For example, if the dryer 
output is 200 Ibs. made tea per hour, its withered leaf 
intake capacity for all practical purposes will be :— 


200 x 2 


6) Lbs. per minute = 6% Ibs. per minute. 


If the machinery available in the factory allows 
an interval of 75 minutes between roller charges, then — 
the weight of each charge will be :— 


75 x 6% = 500 lbs. withered leaf per charge. 


A series of five programmes are given here 
prepared for different conditions the study of which 
will show the various combinations which may have 
to be adopted according to individual circumstances, 
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and will greatly help in the designing of rolling 
programmes to make efficient use of all machinery 
that is available. It must be distinctly understood | 
that both overcharging and undercharging of rollers 
will prove uneconomical and inefficient, and the 
proper balance between the firing capacity of the 
dryers and roller charges should always be maintained. 


By a close study of the examples of rolling 
programmes shown in the following pages, little snags 
and complications in adapting roller capacities to suit 
the capacity of the dryers can be overcome by 
thoughtful experimenting. Every factory is invariably 
equipped with balanced machinery in accordance with 
the annual crop intake, but during periods of drought 
or during heavy cropping months, it will be necessary 
in the interests of economy and maximum efficiency to 
use different combinations of machinery which will 
entail designing of programmes to suit the particular 
demands of the occasion. It must always be 
remembered that in each case the roller charges and 
the intervals at which rollers are charged will depend 
entirely on the capacity of the dryers that are 
available. Carefully planned organisation is absolutely 
essential for maintaining the standard of quality of 
the finished product at a high level. A well planned 
programme will always permit modifications to be 
made with ease and adjustments in the combinations 
of machinery fora particular intake of crop can be 
done more economically and efficiently than it would 
be possible in the absence of planned organisation. 
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Programme No. 1. 


Datra.—Drier Capacity—120 Ibs. made tea per hour or 


e * = 4 Ibs. withered leaf per minute. 
No. of Rollers—3 Rollers. Capacity 300 lbs. withered 


leaf. 
Charging Interval—75 minutes. 
Roller Charge — 75 x 4 = 300 lb. 


Batch Withered tp ts pero 
No. Leaf From To No. 1| No. 2| No.8 

1 300 Lbs. 6°00 6°30 
6°40 7°10 

7°20 7°50 

8°00 8°30 

8°40 9°10 

2 300 Lbs. 715 7°45 
7°55 8°25 

8°35 9°05 

9°15 9°45 

9°55 10°25 

3 300 Lbs. 8°30 9°00 
9°10 9°40 

9°50 10°20 

10°30 11°00 

11°10 11°40 


300 Lbs. 


Noté,—This programme can be continued in the above manner in- 
definitely, 1/1 represents lst Batch Ist Roll The first figure refers to the 


number of the Batch and the last figure to the number of the Roll. Thus 
3/5 would mean 3rd Batch 5th Roll, 


The interval between each roll for roll breaking is 10 minutes, 


* 
~~ 
oo 
~J 
Or 
“es 


Programme—Type No. 2. 


Data.—Drier Capacity 150 Ibs. Made Tea per hour 
or 5 lbs. withered leaf per minute. 


No. of Rollers—4 Rollers. Capacity 300 Ibs. each. 


Charging Interval—60 minutes. 


Roller Charge=60%X5 or 300 lbs. withered leaf per 
charge. 


Batch}| Withered ROLLERS 


No. Leaf 


1 300 Lbs. 


2 300 Lbs. 7°00 3 2/1 
| | 


300 Lbs. 


4 9°00 9°30] 4/1 
9°40 | 10°10 4/2 
10°20 | 10°50 4/3 
11°00 | 11°30 


12°10 


This Programme can be continued in the above 
manner indefinitely. 
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Programme—Type No. 3. 


Dara.—Drier Capacity—190 lbs. made tea per hour, or 
| 380 Ibs. withered leaf per hour. This works 
out to 6 1/3 lbs, witdered leaf per minute. 


Rollers.—4 Rollers with a capacity of 265 lbs. each. 


Charging Interval—80 minutes. 


Roller Charge = 80 x 6 1/3=510 Ibs. or 500 lbs. every — 
80 minutes approx. | 


Batch| Withered Sawin: cals : ROLLERS | 


Lest F: rom To 


500 Lbs. , 6°30 
7°10 

500 Lbs. ; 750 
‘00 =. 830 

500 Lbs. ’ 9°10 


| 9°50 
500 Lbs. ‘00 | 16°30 
40 | 11°10 
500 Lbs. "20 | 11°50 
12°30 
1°10 
1°50 
2°30 | | 
| 6/4 | Bulk | Bulk 
| — | Bulk | Bulk 


3°10 os 
4°00 


Norrs.—The Figures under the heading “Rollers” 
refer to the Batch Number of the Roll. For example, 
5/3 would mean 5th Batch 3rd Roll. 


This Programme allows for the Big Bulk to be 
rolled continuously until the rolling for the day has 
been completed. 
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Programme—Type No:-4. 


Data.—Drier capacity—225 lbs. Made tea per hour 
or 450 lbs. withered leaf per hour = 73 lbs. — 
withered leaf per minute. 


No. of Rollers—5 Rollers with a capacity of 300 lbs. 


withered leaf each. 
Charging Interval= 80 minutes. 


Roller Charge = 80 X 74 = 600 Ibs. 


To {No.1/No.2 No.3|No.4 No. 


1/1 


1/2 |. 


ROLLERS 


Batch| Withered TIME 
No. Leaf 
From 
1 600 Lbs. 600 | 6°30 } 1/1 
6°40; 7°10 | 1/2 
7°20 7°50 
8°00 | 8°30 
8°40 | 9°10 
2 600 Lbs 
3 600 Lbs. 


600 Lbs. 


This programme can be continued indefinitely until the day’s 


rolling is completed. The figures under the heading “ Rollers 


a? 


refer to the Batch number and the number of the Roll. For 
example, 3/5 would mean 3rd Batch, 5th Roll, , 
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Programme—Type No. 5. 


Data.—1 Drier with a capacity of 300 lbs. Made tea 
per hour and a second drier with an output — 
of 150 lbs. Made tea per hour. 

Intake of withered leaf per minut 

withered leaf per minute. 

Charging Interval=50 minutes. 

Roller Charge = 50 x 15 = 750 lbs. 


No. of Rollers—9 Rollers with a capacity of 250 Ibs. 
each 


> = 15 Ibs. 


-_ | Batch No. 


8:00! 8°30 
8:40] 9° 


Note,—The above programme can be continued indefinitely. 
io doh under the heading *‘ Rollers” indicate number of the 

atch and number of the roll. For example 4/5 would 
» Batch, 5th Roll. |) oe 
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CHAPTER XXIV. 
ROLL BREAKING 


During the process of rolling, the leaf cakes into 
balls, and its temperature risesas rolling progresses 
under pressure. Roll breaking helps to break up the 
lumps of leaf formed during rolling, to cool and aerate 
itand at the same time it separates the finer dhools 
from the coarse. The leaf emptied from the roller at the 
end of each roll should be passed over the roll-breaker 
without delay, but it is good to spread out the load 
from the roller while waiting to be sieved as this helps 
to cool the leaf and also prevents the heating effect: 
of bulked leaf. There is a wide variety of roll breaking 
machines in the market and the success of any 
machine must be judged by the evenness of the 
leaf particles separated. The roll breakers in general 
use are of the flat type some of which are fitted | 
with beaters for breaking up the balls of leaf. It is 
held by some that these beaters untwist the leaf, and — 
they prefer to break up the balls by hand. If the . 
wither has been good and the rolling properly con- 
ducted, the untwisting effect is very small and the 
time given to breaking up the balls by hand will be 
better repaid by greater attention to rolling so that 
a good twist is obtained. 


Roll breaking must be done with care, the most 
important consideration being to see that the leaf is 
spread evenly along the sieve and that it travels in 
a regular fashion along the surface of the mesh. 
If the leaf is not spread evenly or fails to maintain 
evenness in its travel over the surface of the roll 
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breaker, patchy separation of the fine leaf from the 
coarse will result. It is, therefore, essential that this” 
condition is obtained by proper feeding of the roll 
breaker and the maintenance of the sieve in good 
condition. Sometimes the tray is not level and then 
the leaf runs to one side; at other times the wire 
mesh of the trays is not flat but hollowed into pockets 
so that the leaf remains in the hollows for indefinite 
periods and big leaf is forced through the mesh, 
Proper sieving ofthe leaf cannot be obtained with 
sifters in which the mesh has become loose and 
hollowed and any tendency to sag should be corrected 
at once. Another fault is the failure to repair holes 
in the mesh as they occur. Any holes in the mesh 
again allow coarse leaf to pass through, while 
failure to clean the mesh after each roll breaking 
clogs the mesh and prevents efficient separation of 
fine and coarse leaf. Ifthe mesh isnot kept ina 
clean state, leaf tends to clog between the wires and 
becomes a possible source of taints inthe tea. In 
this connection attention must be drawn to the 
necessity to clean the feed box and beater also 
especially where soft withers are taken, since these 
soon become caked with juice and leaf, and this 
condition supplies a good breeding ground for all 
kinds of micro-organisms, some of which may taint 
the tea. 


The roll breaker tray should not be too short nor 
too steep and the mesh of the wire may be of one or 
two sizes. A combination of 4, 5 or 6 is very often 
used. ‘The chief aim in roll breaking should be to 
get the size of dhool which when fired corresponds 
to that of the B. O. P. grade. This is achieved by 
use of No. 5 mesh, but if the dhool is larger in spite 
of the use of No. 5 mesh, which is the generally 
accepted standard which produces a dhool of the 
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recognized size, this can be corrected by either or 
all of the following ways: 


(i) Use of No. 6 mesh at the and of the roll- 
breaker. 


(ii) Roll-breaking at a faster speed. 


(iii) Increasing the slope of the machine. 


If the size of the dhool is too small, the speed of 
the machine and the slope should be decreased. In 
factories where large leafy grades are manufactured, 
the desired results may be obtained by use of a No. 4 
mesh. Jor obtaining a high percentage of B. O. P. 
and Fannings, No. 6 mesh will probably give the best 
results. This mesh gives very nice uniform dhools 
and helps considerably in the grading of the tea, and 
the greatest benefit is obtained by using this mesh for 
the first few rolls. 


In spite of using a smaller mesh sieve for the last 
portion of the roll breaker, it will be found that the 
dhools separated show a gradual increase in the size 
of the particle towards the end of the sieve, and it is 
good practice to return the last third of the dhool on 
to the top of the tray of the sifter and pass it over 
once again. In this way the coarse particles are 
separated out and an even dhool is obtained. With 
the early dhools it will be found that the coarse 
particles have not been properly rolled and these 
should be returned to the rollers with the coarse bulk 
for further rolling, but with the later dhools this may 
not be necessary and better results may be obtained 
by putting them out to ferment separately from the 
fine. Observation will show that this coarser portion 
which passes through is made up of long stalk and 
leaf when separated after the 3rd and 4th roll. It 
is almost entirely orange pekoe leaf, and if fermented 
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and fired separately simplifies the separation of 
this grade. 


Although roll breaking should be done with care, 
too much time should not be spent over it; otherwise 
the rolling period will be prolonged unnecessarily. If 
this condition is to be observed there must be no 
shortage of roll breakers and for efficient work at this 
stage there should be at least one roll breaker for 
every two rollers, and roll breaking under these 
conditions should not take more than 15 minutes for 
the first dhools and should be reduced to 5-10 minutes 
for the later dhools. 


Double roll-breaking is a good method of obtain- 
ing an even dhool, but it involves more time, more 
machines and more labour. By double roll-breaking 
is meant the sifting the fine leaf a second time and this 
makes for uniform dhools and more even fermenta- 
tion. It does not mean giving the bulk a second sift 
before it goes to the roller. There is nothing to 
recommend this practice, especially in the early stages 
of rolling, and results in spoiling the evenness of the 
dhool separated at the first sifting. Dhools separated 
in this way will contain coarse leaf which will not 
ferment at the same rate as the fine leaf thus giving 
uneven ferments. 


The advantages of double roll breaking the fine 
dhool can easily be obtained in a single operation by 
the adoption of suitable combination of mesh, speed 
and feeding of the roll-breaker at an even rate. The 
percentages of dhools obtained will depend entirely 
on the type of rolling carrried out, the type of rollers, 
battens and meshes used in the roll-breaker. For the 
guidance of the young planter, a few examples for 
average conditions are given below for the purpose of 
study and comparison. These figures should on no 


( 383 ) 


account be accepted as standard and the percentages 
must be expected to vary under different conditions 
of manufacture. 


Dhool No. Ordinary Battens. vit rapide pag en ‘cones 
rolling of B. Bulk. _ rolling of B. Bulk. 
Ist 10% 10% 159% 
2nd 20% 20% 23% 
Srd 35°, 3594 40% 
4th 209%, 309% 18%, 
B. Bulk 13% 4% 3% 
Loss 20 19, 19, 


After each roll has been sifted, the roll-breaker 
mesh should be thoroughly cleaned of all particles of 
leaf adhering to the mesh to avoid the clogging of the 
sieve. Clogging will greatly reduce the output of 
dhools and leaf choking the sieve will become over- 
fermented and sour. During roll-breaking the leaf is 
thoroughly exposed to the air and even oxidisation of 
all leaf particles is made possible. Overcharging of 
roll breakers must be avoided as this results in un- 
even dhools and reduces the dhool out-turn. 


CHAPTER XXV. 
FERMENTATION 


From the moment the tea leaf is crushed and 


bruised in the rollers, fermentation commences ~ 
whereby the cell constituents of the leaf come in ~ 


contact with air and it begins to change colour 
immediately and develops quickly a reddish hue. 
With the absorption of oxygen by the leaf, chemical 
changes take place. The tannins which are soluble 
in water decrease in solubility and the crushed leaf 


develops heat as fermentation progresses. It is during — 


fermentation that the flavour associated with tea is 
developed. The essential oil in the juice of the tea 
leaf on coming into contact with oxygen is developed 
by enzyme activity. Fermentation in connection 


with tea manufacture means the decomposition of © 


carbohydrates (organic compounds of carbon and 


water) by yeasts resulting in alcohol and gas or acid ~ 
and gas. Fermentation of tea is really oxidisation — 


of the tannin in the tea leaf caused by enzymic 
action. Enzymes occur in all plants and are organic 
substances which bring about chemical changes and 
decomposition of other substances such as plant cells 


without undergoing any permanent change themselves. — 
Enzymes, unlike bacteria, are not living bodies and 


cannot reproduce themselves. They are generally 
inactivated by temperatures above 140°F. During 
the process of fermentation tea tannin which is 


colourless in its raw state, on becoming oxidised — 


develops into red products which are responsible for 
the characteristic red colour of tea infusions and 
account for the strength and creaming down of 
liquors, 


® 
Zz 
1 


° 
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The fine leaf separated from the roll breakers is 
taken to special positions to complete the fermentation 
started in the rollers. This may be on the floor of 
the rolling room or on specially constructed tables. 
Apart from the disadvantage of excessive area being 
required when using the floor, there is little to be said 
against this method. Tables, of course, are more 
compact and their use enables fermenting chambers 
or allotted portions of rolling rooms to be of reasonable 
dimensions. The best method of constructing 
fermenting tables is to get concrete slabs one above 
the other in a steel frame work at distances of not 
more than 12 inches apart. Wider spacing is un- 
necessary and uneconomical and closer measurements 
make work more difficult. 


Humidification of Rolling and Fermenting 
Rooms. It is necessary to obtain cool, humid and 
well ventilated conditions for fermentation, and the 
maximum control is obtained when a separate room 
is available, but it has proved very satisfactory to 
treat the rolling room and fermenting room together 
thus ensuring the best possible conditions for rolling 
and roll-breaking at the same time. In large modern 
factories ‘Mist chambers’ are used as a means of 
cooling and humidifying the fermenting room. A 
mist chamber consists of a small room fitted with 
numerous nozzles or atomizers which produce a cloud 
of fine spray. This spray is blown into the fermenting 
room, after having passed certain baffles which retain 
the heavier drops of water. The mist chamber answers 
well ina small fermenting room, but large rolling 
rooms are frequently beyond the capacity of the 
average mist chambers. Other systems of humidi- 
fication in general use are quite efficient in producing 
cool, humid and fresh conditions for rolling and 
fermenting, and they have been found to be of great 
benefit in factories at low elevations. These simpler 
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means are wet curtains, water flowing down the 
verandah roofs and also down the curtains, or by 
means of water jets playing on to the outside walls 
with blade fans attached to the shafting to create a 
movement of air inside. These fans, however, must 
not be allowed to play on the fermenting leaf or on 
to the roll breakers otherwise drying of the leaf will 
be accentuated. These methods cause some improve- 
ment but they are not so efficient as the better 
arranged humidification schemes involving humidifiers 
or mist chambers, where the air entering the room is 
forced to travel through water sprays thus being 
cooled and efficiently humidified, and ensuring good 
ventilation at the same time. When wet curtains 
are used care should be taken that they do not 
interfere unduly with the ventilation of the rolling — 
and fermenting room. On the other hand, where — 
pigeon-holed walls form the insulation of the rolling _ 
and fermenting rooms excessive draughts must be — 
avoided. 


The most suitable condition for fermentation is a 
cool, ventilated room with a hygrometric difference 
of about 2°F. and of these the most important at 
lower elevation is the question of coolness. The 
fermenting leaf must not be exposed to strong draught 
or to sun light. Both these factors contribute 
towards a blackening effect on the surface, the 
discoloration becoming most marked when there is a 
tendency of dryness in the air. 


Fermentation is a process which is most sensitive 
to temperature changes, and the rate of fermentation 
increases as the air becomes warmer. In experience 
it has been found that between 64°F and 70°F the 
rate increases very slowly whereas the change 
becomes more rapid at temperatures above 70°F. 
The variation is by no means constant and will alter 
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according to the weather prevailing at the moment, 
the age of the leaf being treated and the rolling 
programme in force, but for average conditions a 
temperature of 70°F with a hygrometric difference of 
about 2°F will create the most satisfactory conditions 
for fermentation. 


; 

Where high humidity bordering on dew point is 
obtained in the rolling and fermenting rooms, these 
rooms must be opened up to the outside air at the 
end of the day to dry them and also to freshen the 
rooms. This is very important otherwise moulds will 
develop and the rooms will be musty, a condition 
often seen in the low country. 


Spreading of fermenting leaf. In most cases 
a thin spread is found to be most satisfactory, but 
there are many factories where a comparatively 
thicker spread seems to give thick liquors, and it is 
preferable not to change this method where it proves 
satisfactory. It has been ascertained by research 
that the optimum thickness suitable for distribution 
of leaf over fermenting tables is 13”. An excellent 
method of obtaining spread to this thickness is as 
follows. Teak battens of 13” square cross section 
and of desired length are placed round the perimeter 
of the spreading area. A straight edge of sufficient 
length is worked along the top edges of the battens 
and all heaps and undulations are cut to a level 
surface. It will be an advantage to place those 
dhools to be fired first at the bottom racks and those 
to be fired last at the top. By this system leaf can 
be removed to the driers without interfering or 
mixing with dhools that are to be fired later. 


Leaf which has been put out to ferment changes 
in colour, gradually acquiring a coppery hue, and 
developing the aroma associated with fermented leaf. 
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This change is accompanied by the uptake of oxygen 
and certain well marked chemical changes in the leaf 
as stated earlier. The thickness or body of the liquor — 
varies with the quantity of soluble tannin in the 
leaf. Pungency and strength depend entirely on the © 
tannin content and soluble tannin compounds in the 
leaf. Inthis connection it must be borne in mind 
that the longer the fermentation and the higher the 
fermenting temperatures, the less is the percentage 
of soluble substances in the leaf. As fermentation 
advances, the resulting liquor of the made tea 
changes from bright green to a very dull, dark- 
brownish infusion. The liquors become more coloury, 
eventually becoming thick and muddy, and gradually 
loose their astringency and pungency according to the 
length of the fermentation. | 


Teas made from leaf fermented for short periods 
of } to 2 hours give pale, thin liquors, raw or bitter to 
taste, and light and washy in body. The infused leaf 
is greenish. Assuming the fresh leaf to contain 22 
per cent, tannin, such tea may contain 15 per cent. 


As fermentation proceeds, rawness gives place 
to briskness or pungency. The liquors become redder 
or thicker, and strength develops. Strength is appar- 
ently a combination of pungency and thickness. Such 
tea gives bright, red coloured infused leaf, and on 
cooling a precipitate, knownas the cream, forms. 
At this stage (about 34 hours’ total time inclusive of 
rolling) the tea contains about 12 per cent tannim 


Further fermentation produces a soft, flat or dead 
tea, with no pungency and gives liquors which are 
dull or brownish in colour. On cooling, a murky or 
muddy precipitate forms, and the infused leaf, instead 
of being the bright colour of a new penny, is the 
dull colour of an old penny. Although this tea 
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contains only slightly less tannin than the strong 
tea fermented for 3} hours inclusive of rolling time, 
certain important chemical changes in the tannin 
have taken place, the exact nature of which is 
unknown at present. 


In times when flavour is marked it is found that 
a Shorter fermentation period than usual is necessary 
in order to make the most of this valuable property. 
Thus some of the liquoring qualities of the tea are 
sacrificed, but the flavour more than compensates 
for the loss. The fact that special seasonal flavours 
develop more quickly than the ordinary tea aroma 
associated with all black teas has already been 
mentioned. Indeed, it is considered by some observers 
that the substances responsible for special flavour 
are present in fresh leaf and do not require the 
process of fermentation for their development. Since 
these substances are very volatile, it is further 
considered that long wither or ferment especially at 
high temperatures, reduce flavour. 


To conclude, the points to be observed in 
fermentation may be summed up as follows :— 


1. Cool, humid, well-ventilated but not draughty 
positions should be chosen for the ferment- 
ation of the leaf. Fermenting temperatures 
should be within 70°F to 75°F with a 
humidity as near as possible to dew point. 
A hygrometric difference of 2°F will be 
found satisfactory for practical purposes. 


2. Cement floors or cement tables arranged in 
tiers on metal frame work present suitable 
fermenting surfaces. Fermenting surfaces 
should not be of wood or brick as they are 
porous and will absorb sap. Neither 
should iron or copper sheeting be used as 
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these give a metallic taste to the liquors. 
Zinc sheeting does not so react and may be 
used. The cement surface is most popular 
because of its cheapness and smoothness. — 
Plate glass and glazed tiles are also — 
excellent materials but they are expensive 

to renew. 


3. The leaf should not be spread too thickly 


for fermentation and 1}—2 inches is | 


suggested as a satisfactory thickness, This 


can be obtained by spreading the leaf | 


within frames of this depth. 


4, The best period of fermentation should be 


(i) 


(il) 


(iii) 


determined by experiment as this depends 
to a great extent on local conditions, the — 
type of leaf and wither, and the rolling 
procedure adopted. The following points, 
however, should be borne in mind. 


A period of 3 to 4 hours including rolling 
time makes for the best degree of oxidisa- 
tion of tannin and the fullest development 
of strength and colour and the natural 
flavour of the leaf as opposed to seasonal 
flavour. 


Leaf fermented for too short a period (e. g. — 
23 hours including rolling) gives tea with — 
liquors raw or bitter to taste and weak, 
light, thin or washy in body. The infused 


leaf is greenish. 


Leaf fermented for longer periods (e. g. 
more than 4 hours including rolling time) 
and under conditions of temperature over 
75°F in a dry atmosphere with hygrometric 
difference in excess of 3°F, produces soft, 


( 391 ) 


flat or dead tea without pungency, and gives 
liquors which are dull or brownish. The 
infused leaf is not bright. 


(iv) Correctly fermented leaf gives liquors that 
are brisk and pungent. The liquors are red 
and brght and the infused leaf is also bright 
in colour similar to that of a new penny. 


(v) When seasonal flavour is in evidence, 
fermentation should be well within 2} to 
2? hours inclusive of rolling time. 


It must be noted that different types of leaf will 
have to be treated differently on the fermenting 
tables. The following notes may be used as a guide 
to make necessary adjustments in accordance with 
local conditions :— 


Lightly rolled leaf. Leaf which has been 
lightly rolled will naturally have less juice or sap 
expressed and therefore within a given time it may 
not achieve the same degree of fermentation as hard 
rolled leaf. With lightly rolled leaf it will not be safe 
to lengthen the period of fermentation because the 
finer leaves will become over-fermented, and in 
addition to thinness, the liquors may develop a soft 
and dull character. The fermenting period therefore 
should be restricted to 3—33 hours including rolling 
time. , 


Hard rolled leaf. When hard rolling is done, 
on account of the greater extraction of sap and the 
resulting greater oxidisation of tannin, fermenting 
takes place in a shorter time and it will not be 
necessary to ferment the 4th and subsequent rolls as 
these will have been sufficiently fermented in the 
rolling process itself. The other rolls should be 
fermented between 23—-3} hours including rolling 
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time according to the characteristics to be developed — 
in the finished product. 


Tipping leaf. Tippings on account of their 
low tannin content will remain green and dull on the 
fermenting tables and any attempt to obtain a better . 
and brighter colour by prolonging the fermentation 
will not serve any useful purpose. Tippings can with 
advantage be spread a little thick, say, 24 inches. 
This will result in the development of a higher 
temperature within the leaf and will assist to quicken 
the enzymic action and eliminate any rawness that 
would otherwise result. 


Cleanliness. It is of the greatest importance 
to maintain the rolling and fermenting rooms and 
tables thoroughly clean to avoid the activity of 
bacteria which results in tainted or mouldy teas. All 
spreading surfaces should be scrubbed and leaf from 
crevices should be cleaned out, and thereafter should — 
be washed with plentiful supplies of water with a 
pinch of potassium permanganate added. All rollers, 
roll-breakers and the rolling room floor should also be 
thoroughly cleaned daily after the day’s work. This 
will effectively check the presence and activity of 
bacteria some of which can be very dangerous and — 
harmful. 


Outstanding Performance 


C. C. C. Tea Driers have set new standards in fuel 
economy, consistent output, and precise control 
during firing. Convincing evidence of their out- 
standing performance is given by the demand — 
we have installed or exported an average of 2 
machines every month during the past seven 
years. 


The range of C.C.C. Tea Driers covers outputs 
from 135 to 1080 lbs. of made tea per hour. 


Write for our illustrated brochure on 


C.C.C. TEA DRIERS 


THE COLOMBO COMMERCIAL COMPANY LTD. 


Incorporated in Great Britain. Liability of Members is Limited. 


P. O. Box 33, Colombo. Telegrams: ‘‘COSSACK’’, Colombo. 
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CHAPTER XXVI. 


FIRING 


As soon as the desired degree of fermentation has 
been obtained, the leaf is taken to the drying machines 
for firing. The primary object of firing tea is to 
arrest fermentation and to remove moisture. If 
fermented but unfired leaf is infused it will be found 
that a very coarse and rasping liquor is obtained, but 
in the process of firing the leaf loses its greenish raw 
taste and becomes more mellow. Firing of the tea 
thus produces some changes in the leaf and these 
transformations are necessary to the finished article, 
as well as to make the tea suitable for storage. 
Firing of tea must, therefore, be looked upon as a 
further step in developing those changes started in 
the rollers for the production of black tea from green 
withered leaf, and not simply as a process which 
removes the moisture from the fermented leaf alone. 


Proper conditions of firing are very necessary for 
successful tea making and the actual temperature to 
which the tea is subjected is very important. One 
essential point to remember is that the temperature 
of leaf should be raised to the degree necessary to 
check and arrest fermentation as quickly as possible ; 
otherwise a very rapid fermentation of the leaf will 
take place in the dryer during the period the leaf is 
heated up, and leaf which has been faultlessly handled 
up to this department may, be completely ruined. 


There are many types of firing machines in the 
market all of which, if properly operated in accordance 
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with the instructions of the makers, will give excellent 
results. The machine contains a stove the object of 
which is to transfer heat from fuel to air. The 
method is commonly that of pulling air through or 
over heated metal tubes. There is no contact between 
the air of the drier and gases from the furnace. The 
path of the air used for combustion in the furnace is 
from outside, through the bed of the fuel, round the 
tubes, and exhausted through the flue and up the 
chimney. The air drawn through the heated metal 
tubes enters the drying chamber of which there are 
two main types :-— 


(a) The suction type in which the hot air is 
sucked through the drying chamber by 
means of a suction fan. | 


(b) The pressure type in which the hot air is 
forced through the dryer. 


In both types of machine one of three different 
tray mechanisms may be employed :— 


(i) Moving trays including the dessicator. 
(ii) Tilting tray. 


(iii) Endless chain. 


Pressure type machines bulk the hot air and give — 
a more even distribution. The fan of the pressure — 
dryer sucks the air through the hot metal pipes and 
bulks it before forcing it through the drying chamber. 
It also imparts a turbulence to the air stream which, 
if it continues in the drying chamber, effects further 
bulking within the chamber and results in more even 
drying. 


When air is sucked through the drying chamber 
in the Suction type machines, the hot air tends te 
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flow in streams and if one side of the stove is getting 
more air than the other, hotter air may be drawn 
over one side of the trays than the other resulting in 
uneven drying. 


The hot air enters the drying chamber where it 
comes into contact first with the driest leaf which is 
nearing discharge and finally, just before being 
exhausted, with the dampest or newly fed dhool. 


Firing Temperatures. While no hard-and-fast 
rules can be stipulated in regard to inlet temperatures, 
i. e.—the temperature of the air entering the drying 
chamber, there are very definite limits in the 
regulation of exhaust temperatures, and we may now 
enquire into permissible inlet and exhaust tem- 
peratures for use in modern dryers. 


Exhaust Temperature. In considering the 
exhaust temperature of the dryer, the first and fore- 
most essential point is that it should be high enough 
to arrest fermentation of the leaf quickly and as soon 
as it comes in contact with the heated air which is 
exhausted from the dryer. Research has proved that 
a temperature of 150°F checks fermentation, but when 
a strong blast of heated air is used for the purpose, 
fermentation is efficiently checked at a temperature 
of 120°F to 140°F, and 120°F is the lowest temper- 
ature to which the exhaust air should be reduced, 
and it will be preferable if this is always in the 
neighbourhood of 130°F. This, however, is not 
possible always unless a very thin spread or very high 
inlet temperatures are used, but it is most important 
to bear in mind that whatever the inlet temperature, 
the exhaust temperature, that is the temperature a 
few inches above the leaf entering the dryer, must 
not be permitted to fall below 120°F because below 
this temperature undesirable conditions are set up on 
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the top row of trays which will seriously impair the 
keeping qualities of the finished teas. Again exhaust 
temperatures above 135°F above the leaf would 
indicate that firing is not conducted economically and 
use not made of all the available heat, but give rise to 
an effect known as ‘case-hardening’ which undermines 
both keeping qualities as well as the appearance of © 
the tea. In the early stages of the drying process, the 
exhaust temperature should not be higher than 120°F 
to 135°F registered a few inches above the fermented 
leaf. Unless the leaf is slowly dried at this stage, it 
is liable to be case-hardened as result of which the 
outside of the leaf is much more dried than the inside, 
and the moisture thus imprisoned within the leaf 
cannot escape during the later stages of the drying 
process when the inlet temperatures are low. Presence 
of this moisture enables fermentation to continue — 
thus seriously impairing the quality and keeping 
properties of the tea. When inlet temperatures are 
high enough to force out the imprisoned moisture, on 
escaping it will raise small blisters or microscopic 
bubbles on the surface of the leaf. On sorting these 
minute blisters are broken and give a grey appearance 
to the tea. - | 


Inlet Temperature. The question as to the 
best inlet temperature cannot be definitely answered 
since this must vary to some extent according to the 
particular needs of individual estates which will 
depend on elevation, type of leaf and climatic — 
conditions. Perhaps the main point to bear in mind 
is that the risk of losing flavour and quality is always 
minimised by keeping inlet temperatures at as low a 
figure as will produce a brisk tea and at the same 
time definitely fix any fermenting actions which were 
occurring in the unfired leaf. 


_ The inlet temperature should be measured 
immediately below the bottom row of trays. The 
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usual range of inlet temperatures lies between 180°F 
to 200°F according to the various requirements of any 
particular estate. For those properties in the happy 
possession of quality or flavour in their leaf, the 
nearer 180°F is approached the better are the chances 
of retaining these valuable characteristics subject to 
aminimum exhaust temperature reading of 120°F 
above the fermented leaf. Low firing temperatures 
of the order of 165°F to 170°F are sometimes used in 
estates producing teas of better quality and higher 
value (when fresh) than teas fired at normal inlet 
temperatures, but even in this case the exhaust 
temperature of 120°F above the fermented leaf must 
be strictly adhered to if the keeping qualities of the 
tea are not to be impaired. These teas although 
pungent, flavoury and brisk when fresh are not 
suitable for long storage. In order to fire with low 
inlet temperatures, a thinner spread is necessary 
which results in an appreciable reduction in the 
output of the dryer, and it will also be necessary to 
increase the period of firing and special pulleys may 
have to be installed for this purpose for satisfactory 
drying. Firing at low temperatures is thermally less 
efficient than firing at normal temperatures and this 
raises the cost of firing. 


Inlet temperatures above 190°F have an adverse 
effect on quality and also upon pungency and flavour. 
Deterioration in quality and pungency is severely 
marked when teas are fired with inlet temperatures of 
200°F and above. In practice, the optimum 
conditions for firing tea ina single operation ina 
standard type of tea®dryer are obtained with inlet 
temperatures of the order of 185°F to 195°F with a 
minimum exhaust temperature reading of 120°F above 
the topmost tray carrying the fermented leaf. The 
firing period varies from 23 to 20 minutes according 
to the temperature used, but the limits of exhaust 
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temperature should, however, remain unaltered if 
best results are to be obtained. 


Dryer Thermometers. It is important that the 
inlet thermometer should be placed directly under the 
bottom tray of the dryer. The thermometer should 
be placed in such a position that it will record the 
temperature of the air actually coming in contact 
with the tea. The best position would be for the 
bulb of the inlet thermometer to be placed in the 
middle centre just below the bottom tray. 


The exhaust thermometer should be fixed either 
above the leaf on the top tray where it should record — 
between 115°F—125°F or else it may be fixed below 
the top tray and above the second tray where it 
should record 135°F—145°F. This thermometer is 
easily mounted above the top tray but it is subjected 
to large variations in temperature, especially in 
machines of the tilting tray type when the first tray 
is tilted on to the next, and the top tray runs empty 
while it is being filled. The bulb of the thermometer 
then meets a hot current of air and records high 
temperatures. When the top tray is filled with leaf, 
the temperature drops but the usual recording 
thermometer is not sensitive enough to record the 
lowest temperature resulting from the cooling effect 
of the fresh leaf. The tendency is, therefore, to show 
a higher temperature range than is really the case. 


An exhaust thermometer placed above the second 
tray is not liable to such large variations and should 
therefore give a more accurate fecord of the tem per- 
ature conditions meeting the freshly-fed leaf. 


In endless chain machines, on the other hand, 
the thermometer should record a steady temperature 
if placed a few inches above the leaf but just short of 
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the end of the first tray, i.e., before it tilts over 
to the next tray where the reading should be between 
115°F—125°F. 


Time required to dry tea. When considering 
the period required for firing tea, the effect of drying 
on the quality and uniformity of the product has to 
be borne in mind, and attention must be given to the 
combination of time and temperature involved. In 
practice there appears to be a very wide variation in 
the time periods used for passing the leaf through the 
dryer. A quick passage through the machine requires 
very thin spreading and is extravagant of heat. This 
condition results in leaf which enters the machine 
meeting with hot and very dry air leading to a rapid 
loss of moisture. If this loss of moisture is very 
rapid the surface of the leaf will dry up and form a 
seal which imprisons the rest of the moisture in the 
leaf and makes it very difficult for this moisture to be 
driven off during subsequent drying. This condition, 
as already explained, is known as case-hardening and 
may lead to blistering. Blisters are formed in a tea 
which has been case-hardened in the manner described 
when this tea meets with a high temperature during 
its passage through the rest of the machine. As the 
tea goes from tray to tray, meeting with hotter and 
hotter conditions, the heat penetrates into the centre 
of the leaf and vaporises the imprisoned moisture. 
This moisture cannot escape freely owing to the 
hardening of the surface but it pushes this up into 
blisters. These blisters may or may not be ruptured, 
and if they are not broken they can be seen in the 
tea especially in the Big Bulk or Orange Pekoe. 
These blisters may also be microscopic in size and in 
the grading process the tops of these blisters are 
rubbed off forming fine powder which greys the tea 
and spoils its appearance. 
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Blistered tea will not keep well, and this fact has 
been well established. This is possibly due to the 
moisture still remaining in the leaf or due to the short 
drying period often associated with such teas, since 
it takes some time to satisfactorily arrest the ferment- 
ing action which is responsible for the chemical 
changes, and a quick passage through the machine 
may be insufficient to stop all fermentation in spite of 
a high temperature. Incipient fermentation will then 
proceed in such teas producing soft liquors referred to 
as having gone-off. Quick firing is therefore, open to 
criticism on account of the risks involved. 


To secure the best results, tea should be dried at 
moderate speed, neither too quickly nor too slowly, 
and this is best attained by letting the fermented leaf 
first meet with the coolest and least dry air passing 
through the machine, and then with progressively 
hotter air. This prevents case-hardening and allows 
the more drastic drying conditions to be applied 
for driving off the smaller quantity of moisture 
remaining in partiallydriedtea. It must beremembered 
that it is more difficult to drive off the moisture in 
the later stages of drying and this method of drying 
allows for this difficulty. The best method would be 
to make the spread adequate for the exhaust temper- 
ature above the fermented leaf to be within the safe 
limits of 115°F to 125°F, the tea taking about 18 to 20 
minutes to pass through the machine. Very fine teas 
are produced with a slower speed than this, but it is 
not wise to keep dry tea in the machine longer than 
necessary since dry tea attains the temperature of the 
air quickly and some of the soluble material of the leaf 
: rendered insoluble. Such teas are thin and are not 

risk. 


If tea takes too long to pass through the machine 
it will be dried out, whereas properly fired tea should 
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contain between 3 and 4 per cent of moisture. Such 
tea can pick up a little moisture during grading and 
storage without exceeding the limit of 6% recom- 
mended for packing. If tea is dried too far it may 
contain avery low moisture content when packed. 
When this happens the tea will not mature properly 
and will be reported on as dry. If, on the other hand, 
the tea passes through the machine too quickly, it 
will be discharged with a high moisture content, and 
it will tend to go off on storage and develop moulds 
and taints. Tea should, therefore, be discharged from 
the dryer in sufficient time as will ensure a moisture 
content of 3—4 per cent. 


Correct firing entails observation of the following 
conditions:— 


1. The leaf must be quickly heated at a temper- 
ature of 135°F—145°F in order to arrest 
enzymic action which causes fermentation. 
This is the temperature below the topmost 
tray which carries the fermented leaf which 
will drop to between 115°F to 125°F a few 
inches above the leaf. If this exhaust 
temperature is insufficient fermentation 
will not be checked but will continue at 
an enhanced rate resulting in soft and dull 

— liquors. 


2. The leaf after being quickly heated must be 
gradually raised to the highest temperature 
at which it is finally fired before leaving 
the dryer. If the tea is exposed suddenly 
to high temperatures, an effect known as 
“‘case-hardening”’ results whereby a dry 
outer crust seals moisture in the core of the 
leaf which eventually impairs the quality of 
the tea. If firing is done too slowly 
stewing results. 
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3. The final temperature to which the leaf must 
be subjected should be between 185°F and 
195°F. Temperatures below this range, 
although produce better quality teas subject 
to correct exhaust temperatures, are 
generally not adopted as they are extra- 
vagant of heat and increase cost of firing. 
Teas fired with low inlet temperatures 
possess poor keeping qualities. Temperatures 
in excess of 200°F will reduce the quality 
and pungency of the teas to a marked 
extent and carry the risk of causing the tea 
to be burnt and giving it a characteristic 
known as ‘‘bakey.” Tea submitted to too — 
high a temperature loses flavour as well as 
colour, and the soluble substances in the 
tea are diminished. High temperature also 
has a decided effect.on the colour of the 
infusion, making it dull and eventually 
black. 


4. Ifdriers are overloaded a steamy atomosphere 
will be produced in the dryer chamber 
which promotes rapid loss of the essential 
oil in tea, and flavour will be lost. 


The maxims for correct firing of tea are 
THIN—SLOW—LOW as opposed to Thick, 
quick and high. The leaf must be spread 
thinly on the trays, as thin as the automatic 
spreader allows. In semi automatic dryers, 
the rate of spread should be not more than 
4 Ib. fermented leaf to every sq. ft. of tray — 
area. The leaf should pass through the 
machine slowly, in not less than 18 minutes 
and not more than 24 minutes. The 
temperature of the heated air as it enters 
the dryer should be low between 185°F to 
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195°F. Anexhaust temperature of 140°F 
below the top tray which will drop to 
between 115°F to 125°F above it after 
passing through the fermented leaf is a 
most important requirement for correct 
firing as fermentation is effectively arrested 
and the resulting teas will remain brisk and 
pungent. 


5. Erratic feeding of drier trays will cause the 
tea to be fully fired before it reaches the 
last tray, and if inlet temperatures in excess 
of 195°F are used, it is very likely that the 
tea may develop a bakey characteristic or 
even become burnt. Sudden exposure 
of the leaf to high temperatures results in 
case hardening of the leaf resulting in soft 
and dull liquors and teas of grey appearance. 


6. Tendency to overfire must be avoided. 
Faulty inlet thermometers, absence of 
exhaust thermometers and long firing 
periods are the main contributory causes 
of overfiring which result in soft liquors 
and dull infusions. These faults are not 
common with endless chain pressure dryers. 
Other types of dryers if properly and 
carefully operated at correct temperatures 
will also give excellent results. Other 
causes of dull and soft liquors and stewed 
teas can be traced to overloading of trays, 
hurried spreading, erratic charging of trays 
in the case of the semi automatic tilting 
tray machines. 


7. Firing is a mechanical process and as long as 
a constant and correct load, and a constant 
exhaust temperature are maintained and if 


( 404 ) 


tilting or changing of trays in semi- 
automatic machines is carried out to time, 
several malpractices such as slipping of belt 
from pulley to pulley, opening port holes, 
shutting down the fan valve or running a 
few trays empty can be completely done 
away with. Tea is correctly fired when it 
is discharged from the dryer in sufficient 
time as will ensure a moisture content of 
3—4 per cent. 


Handling of Tea after Firing. Tea is very 
hygroscopic and readily takes up moisture. When it 
comes from the dryer it contains from 2 to 4 per cent 
moisture if firing has been properly carried out. 
Having regard to the importance of moisture content 
and the prevention of excessive gain of moisture 
during operations subsequent to firing, the handling 
of tea after its discharge from the dryer is a question 
of considerable importance. Excessive moisture 
content in tea will impair its keeping qualities, and 
an undue increase in the moisture content should be 
avoided. 


After firing tea should not be stored hot as it 
will develop a characteristic commonly reported on 
as bakey. Fired teas must be cooled thoroughly 
because tea when heaped as soon as it comes from the 
drier retains its heat for long periods, and in proportion 
to the time hot tea is heaped up or stored in boxes, 
the quality deteriorates. Again the cooling process 
should not go too long anid run the risk of tea 
absorbing more moisture. As soon as the teas have 
sufficiently cooled, they must be stored in suitable 
boxes and denied access to air until they can be 
graded. f 


Dryer Falls. A certain amount of tea falls 
through the machine and over the end of the trays 
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during the passage of the leaf through the dryer. 
This ‘fall tea” sometimes appears in the discharged 
tea as undried pieces but fortunately this fall 
is not very great and generally the moist pieces 
complete their drying in the hot heap of discharged 
tea. This fall may be considerable while the first 
trays are passing through the machine and is «then 
discharged before the rest of the tea passes through. 
It is advisable to return this fall for further drying. 


The other dryer fall consisting of a large pro- 
portion of fine leaf collects on the floor inside the 
machine, and remains there for varying periods. This 
fall tea should be removed as often as is practicable 
otherwise it will be overfired and a big proportion of 
tea will be spoilt. The quantity of this fall tea varies 
considerably from machine to machine and may be 
more than 20% of the tea fired. It becomes overfired 
as a result of being exposed ina dry condition to the 
hot air entering the machine. The various causes of 
tea falling through may be as follows :— 


Badly fitting trays, worn chain pinions and 
bearings or a stretched chain, too large or too many 
perforations in the trays, tacky leaf adhering to the 
top tray after tilting, internal spreaders at too low a 
setting for the amount of tea passing through the 
machine, tea being blown about during the tilting 
operation or faulty baffling of the air supply. 


Badly fitting trays can be defective in two ways; 
either they leave a space between them through 
which leaf can fall or by being tight they develop a 
tendency to jam and refuse to open or shut. Adjust- 
ment and renewal of trays is a job which should 
be entrusted to the makers alone and when properly 
set, dryer falls will be greatly reduced. 
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Worn chain pinions and bearings together with a 
stretched chain must widen the gap between the — 
trays. The only cure for this wear and tear is the — 
complete replacement of the chains or the substitution 
of trays of improved pattern in place of the old ones. 
These improved trays when fitted eliminate all 
anxiety as to the effect of a stretched chain. 


The perforations in drier trays are frequently 
not suited to the type of tea which has to pass 
through the machine and the tiny holes are sometimes 
too large or too numerous to allow sufficient holding 
for the finer grades. The question of perforations is 
not aneasy one for the manufacturers. If correct 
air flow is over throttled by closing up. the escape in ~ 
the trays, firing may be adversely influenced. On the 
other hand too large an open area means falling teas. 
Fall teas can be considerably reduced by having the 
perforations in the bottom set of trays smaller than 
those in others and is a matter worthy of consider- 
ation by makers of tea dryers. 


Firing Order of Dhools. When the different 
dhools are put out to ferment, they should be care- 
fully labelled so that there is no danger of the dhools 
being mixed up and taken in the wrong order to the 
firing machine. This can be easily arranged by 
having metal tags marked 1/1, 1/2 etc., to represent 
dool 1 of the first charge. The second charge will 
have 2/1, 2/2 etc., the third 3/1, 3/2 and so on for the 
remaining charges. These labels will then proceed 
with the tea to the dryer and can be hung on a hook 
near the machine in the order of firing so that the 
order of the tags on the hook shows what has been 
fired, what is inthe dryer and the order of firing, 
which is useful for supervision. 


When pungent and brisk liquors are required, 
the 4th and later dhools should be fired immediately 
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after roll breaking and should be followed by the 
earlier dhools. In factories where room temperatures 
are high, it is advisable to fire the 3rd dhool immedi- 
ately after roll breaking and should not be allowed to 
remain on the fermenting tables if briskness and 
pungency are not to be lost. 


If colour is the main consideration, longer 
fermentations will be necessary, and periods up to 
334 hours including rolling time can be safely used 
for fermenting provided.the atmosphere of the rolling 
is humid and cool. 


Generally, the later dhools which have been 
fermenting under warmer conditions in the rollers are 
in advance of the earlier dhools in the process of 
fermenting, and on this account the 3rd dhool is fired 
first after about 2} hours inclusive of rolling time. 
This may be followed by the 2nd or 4th dhooland . 
then by the Ist. It is usual to fire the Big Bulk last 
as it chiefly consists of stalk and mid-ribs and 
has less juice as a result. 


Under certain conditions better results are . 
obtained by firing the dhools in the order, 1, 2,3 etc., 
especially in those factories rolling with light pressure. 
No hard and fast rules can be stipulated as regards 
order of firing which can easily be determined by 
observing the fermented leaf, tasting the dhool 
samples and noting their fermentations. 


Final firing. Fired tea as it leaves the dryers 
has a moisture content varying between 2 to 4%, but 
being very hygrospic, it readily absorbs moisture. 
During wet seasons, teas absorb and contain more 
than 6% moisture. Teas with such a high percentage 
of moisture will not keep well, and will turn mouldy 
and ‘go off’ in storage. In order to prevent 
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deterioration it will be necessary to refire such teas 
before packing. The temperature of final firing need 
not be so high as that for the first fire, but it must be 
high enough to drive off the excess moisture, without 
prolonging the time unnecessarily, A range of 140— 
160°F is satisfactory provided the tea is left in the 
machine long enough. It is not possible to state how 
Jong the tea should remain in the machine since this 
will depend on the amount of moisture to be driven 
off and also on the load, but generally the period of 
passing the tea through the machine should not 
exceed 12 minutes. 


Final firing is not a work which can be hurried 
over ina careless or slipshod manner and there are 
many details requiring exacting attention which may 
be briefly mentioned here :— 


1. Teas should be thoroughly bulked before 
final firing commences, 


2. The temperature of the air supply at the — 
inlet of the dryer should range between 
140°F and 160°F according to the moisture 
content and the load on the trays. Temper- 
atures below 140°F do not seem to have 
any appreciable effect and those above 
160°F appear to be harmful to flavour and 
quality. 


3. In order to prevent grades such as a small 
B.O. P. or Fannings being blown out of 
the drier-exhaust, the damper on the air 
supply to the drying chamber must be 


partially closed during the final firing of 
these teas. 


4. The spreaders both external and internal 
may be slightly raised so as to allow fora 
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thicker spread. The greatest care must be 
exercised to ascertain whether with the 
spreaders in the raised position, the amount 
of tea passing the external spreader is not 
in excess of the capacity of the internal 
spreaders; otherwise banking up and 
blockages will take place. 0. P. is best 
final fired with a medium setting on the 
external spreader, but with the internal 
Spreaders raised to the full limits. This 
grade is very liable to break up and any 
Spreading action is therefore detrimental 
to its appearance. It is advisable to re- 
winnow O. P. after final firing. 


5. The speed of the trays may be taken from 
either of the two top speed cones according 
to the moisture content of the stored tea. 
An average time in the drier can be taken 
as approximately 12 minutes. After final 
firing, teas must not be allowed to collect 
under the machine or be placed in heaps 
to await packing. They should be spread 
thinly on hessian laid on the factory floor 
and kept there until nearly cool. It is 
most important that no draughts of cold or 
damp air play over the cooling teas. When 
packing, teas should be only a shade warmer 
than the surrounding atmosphere. 


Firing faults.—Qver-firing. If excessive heat 
is transferred to the leaf, over-firing must take place. 
When this occurs, the fault may be due to several 
different causes, namely too large a volume of air 
passing through the drying chamber, too quick a rate 
of feed, the air-flow being unevenly distributed, too 
high an inlet temperature or drying potential, and 
finally too hard a wither. To determine over-firing, 
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the rough test of feel and smell is often of the greatest 
use, and by this method any undue heat or burnt 
odours can be easily detected. The practice although 
excellent for casual checks is by no means sufficiently — 
accurate or reliable for thorough investigation of the 
actual behaviour of a dryer. The only sure way to 
prove how a machine is performing with leaf of a 
known wither, is to take moisture contents of the 
discharged tea by means of a proper stove and — 
balance. The moisture content, if correct, should be 
inthe region of 3 and 4 per cent. Below 3% over- 
firing is probably occurring. Should this be so an 
advisable experiment is to take further moisture 
contents and taste samples along the bottom tray 
at intervals of about one foot. This will show the — 
exact position where the firing was correct and where ~ 
the cup was most acceptable. By alterations of the 
usual settings, both these positions may at times be — 
brought to coincide with the point of discharge, and 
so allow the best possible results to be procured. 


Another very common methed of correction is to 
hasten the rate of feed by changing the belts of the 
speed cones to other pulleys, or by thickening the 
spread on trays. In actual practice there is little to 
be said against a very occasional increase of speed, 
but thicker spreading must never be _ permitted. — 
Apart from the certainty of thick spreading resulting 
in uneven firing, the alteration must take at least 
fifteen minutes to become effective which time is quite 
sufficient for a quantity of tea to be completely spoilt. 
Unless there is some wrong adjustment or defect in a 
dryer and providing the machine is not expected to 
compete with faulty withering, the best method of 
dealing with over-firing is to reduce the inlet 
temperature to a figure within a range recommended 
in this chapter. Overfiring is indicated in the cup by — 
a peculiar metallic taste, blackish infusions and dark 
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infused leaf, and a burnt odour is quite apparent in 
extreme cases, 


Under-firing. This fault is the direct opposite 
to over-firing and shows that there is not sufficient 
available heat to evaporate the required amount of 
water in the correct period. Causes may be traced 
to too low an inlet temperature or air with too small 
a drying potential, an inadequate volume of air 
passing through the drying chamber, too great a 
thickness or rate of feed, or too light withering. 
Much the same procedure as given for over-firing can 
be used to ascertain whether under-firing is taking 
place; for instance, the hand test and the determination 
of moisture content are both effective. The former 
method is perhaps of more value than when applied 
to over-firing. A distinctive smell and the obvious 
suppleness of large pieces of leaf being definite signs 
that the teas have not received enough heat. There 
is obviously no need to take moisture contents along 
the travel of the bottom tray. If the tea is under 
fired at the dryer discharge, then underfiring must 
take place at any position in the machine. 


Underfiring can be corrected by raising the inlet 
temperature by a few degrees subject to the safe 
limits recommended in these pages. If this correction 
proves ineffective or is inadvisable, two courses lie 
open, namely an increase of the volume of the air 
supply or a lessening of the rate of feed into the 
machine. The air supply can be altered by adjusting 
the revolutions of the dryer fan, an adjustment which 
should not be undertaken without due consideration. 
The rate of feed is easier to manipulate, and can be 
performed either by slowing up the speed of the trays, 
or by reducing the thickness of the spread. A 
frequent occurrence is to find that teas are being 
under-fired even when the rate of feed is at its lowest 
limits. If this is only occasional, the speed cone belt 
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may be removed and the trays stopped for a minute 
or so without fear of any harm being imparted, 
Continual under-firing may be traced to a light or 
uneven wither. In the cup, under-firing can be 
detected by raw taste and greenish liquors and the 
infused leaf is also greenish. 


Uneven Firing. ‘he main causes for uneven 
firing may be placed against faulty spreading by either 
the external or internal spreaders, trays failing to 
tilt or jamming during their travel, the air flow in 
the drying chamber being unevenly distributed, leaf 
adhering to the trays after tilting, quantities of fine 
leaf falling through the trays, one or other of the 
by-passes such as inspection port-holes or doors left 
open by mistake, or uneven withering. Internal 
spreaders can very easily run at wrong adjustments 
and remain undetected. As mentioned previously, 
it is after they have been raised for final firing that 
careless replacement is so possible. One of the surest 
indications of these spreaders being placed too low is 
the formation of ridges along the edges of the trays a 
sign which never fails to indicate that a certain 
amount of tea is being pushed sideways to the bottom 
of the drying chamber. 


Trays which fail to tilt or otherwise which remain 
open during their horizontal travel completely upset 
the correct journey of the leaf, and frequently allow 
large portions either to fall to the bottom of the 
chamber or to take short cuts from one tray to 
another. It is quite natural, therefore, for these 
defective movements and their influences to have a 
decided effect on the evenness or firing. 


Unfired leaf when of a tacky nature often 
partially adheres to the top row of trays after tilting 
and is carried back along them in the up and down 
position or tipped out down the back of the drier as 
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the tray turns. The leaf which remains stuck soon 
dries sufficiently to fall off, but it will not land on 
to the second tray but will miss this and arrive at the 
end of the third tray, thereby missing no less than 
two lengths of tray travel. An excellent and most 
efficient form of remedy is to fit a scraper hinged 
across the chamber and placed so that it loosens 
any adhering leaf between the first and second tilts. 


It sometimes happens, particularly in suction 
type dryers, that the air flow in the drying chamber 
is not always uniform for all the horizontal areas, and 
may through lack of uniformity be the frequent cause 
of uneven firing. The fault can only be dealt with 
by the makers of the particular machine who will 
probably make suitable arrangements for better 
bulking of the air before it is drawn through the 
drying chamber. 


Pressure dryers invariably possess far more even 
air flows than the older suction types. Uneven firing 
is difficult to detect in the cup though the mixed 
nature of the infused leaf is an .indication of 
this fault. 


Smoky Teas and Taints. Smoky teas are 
produced as a result of cracks in the crown of the 
furnace, a crack in the dryer tubes, faulty tube 
joints and burnt ends or may be caused by even 
smoke from an outside fire. At the slightest sign of 
smoke in the fired or infused leaf, every portion of 
the stove liable to develop a leak must be examined, 
and an engineer consulted for remedying the defects. 
Taints may be due to odorous firewood stacked 
adjacent to the inlet of the heating chamber, dirt in 
the vicinity of the dryer or any foreign matter inside 
the machine all of which should be checked and the 
causes immediately removed. | 
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CHAPTER XXVII. 
SIFTING AND GRADING OF MADE TEA 


The tea discharged from the dryer is a mixture 
of long and fine leaf which has to be sorted or graded, — 
and the teas are taken to the sifting room for this 
purpose. The sifting room is usually a large one, — 
well lit and so constructed that the fluff and dust 
from sifters do not find their way into other parts © 
of the factory. A dust fan is usually provided to 
discharge the dust and fluff outside the building, and — 
large bins of ample dimensions are installed for 
storing of made tea until sufficient has accumulated 
to form a break. Usually these bins are conveniently 
arranged to form the lower part of the interior walls 
or partitions so that they can be filled from within 
the sifting room and emptied through small doors 
fitted at near ground level, opening into the firing and 
packing room. It is very essential that the floor 
should be cemented and have a smooth finish to 
prevent grit and sand getting into the smaller grades 
of tea. The equipment in this room would normally 
consist of :— 


- 


Sifting machines fitted with movable or fixed 
trays of mesh sizes 8, 10, 12, 14 and 24 or 30. 
Cutters. 

Blowers or Winnowing machines. 

Dust fans or Dust suction machine, 

An assortment of hand sieves of which No. 8, 
10, 12, 14, 20, 24, 30 and 40 are found to be 
most useful. 


og “ 
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The numbers of the meshes are based on the 
number of holes to an inch. There are many vari- 
ations of a mechanical nature in sorting and grading 
and the same grades vary somewhat from estate to 
estate, and no hard and fast rules can be laid down 
on this part of manufacture. Grading percentages 
are in fact nothing more than the result of mere 
mechanical sizing to meet the established demands of 
the tea trade. Any part of the bud and two leaves 
may appear in any grade. The only grade which 
does bear some relationship to part of the flush is 
Orange Pekoe which consists almost entirely of the 
tender stalks and mid ribs of the leaf. The tea 
industry has accepted these mechanical sizes of 
each of the different grades within certain limited 
and permissible variations, and stoutly resists any 
change or deviation apart from minor modifications 
to meet blending and packeting requirements. 


In actual practice, grading is never quite perfect 
and there is always the temptation to sift the coarser 
grades again to take out any of the finer leaf which 
may have got through. Too much sorting and cut- 
ting produces greyness in tea, and may partially 
destroy the ‘tip’. If tea is cut too much in order to 
produce a broken grade, it may be called choppy. A 
broken tea should be broken in rolling, and not ina 
cutting machine. 


The recognised grades as accepted by the tea 
trade are as follows :— 


Flowery Broken Orange Pekoe ... F. B. O. P. 


Broken Orange Pekoe Peel sry OR wh 
Broken Pekoe ye ae ebaei« 
Orange Pekoe i ieee: 


Broken Orange Pekoe Fannings ... B. O. P. F. 


* 
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Broken Pekoe Fannings io BaPiee 
Dust Pe. e/ ... DustorD.No. 1 &2. 
Broken Mixed ad Pe: ae 


The above are divided into Broken Grades and 
Leaf Grades. Broken Grades are those which are — 
broken in the rollers or which are cut. These are :-— 


mH, Bud. Bi 

BSOE 

ee 

Fannings (B. O. P. F. and B. P. F.) 
Dust. 


Leaf Grades, on the other hand, are not so much 
the products of cutting. The following come under 
this class :— 


Orange Pekoe 
Pekoe and 
Broken Mixed. 


B.O. P. The best B: O. Ps. are those which 
contain most golden tip. The blacker we have the 
B. O. P., the more conspicuous will be the tips 
contained init. B.O. P. with a very good show of 
tip is termed Flowery Broken Orange Pekoe (F. B. 
OP.) 


Broken Pekoe. This grade is made up of the 
small leaf sifted from the 4th and subsequent coarser 
dhools. If B. P. is true to its grade, its liquoring — 
qualities will be second only to those of the B. O. P. 
A good B. P. should be of even size and free from 
stalks and red leaf. 


Orange Pekoe. This term describes the long wiry 
leaf stalk and mid ribs. O. P. is extracted chiefly 
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from the coarser dhools. It is formed from the 
tender stalks, and is at its best when fully withered 
leaf has been subjected to pressure rolling. It should 
be free from flaky or loosely twisted leaf and brokens. 


Thorough winnowing will materially help to achieve 
this, 


Pekoe. This word is derived from the Chinese 
term “pek-ho” meaning white hair and in that 
country it refers to the fine hairs seen in the bud. 
In grading, however, by Pekoe we refer to the large 
roundish loosely twisted leaf, which is unsuitable for 
inclusion in the O. P. or B. P. grades. The smaller, 
neater and rounder is this grade, the better is its 
value. 


Fannings. This grade falls into two categories. 
One is the grainy type and is a well made grade sifted 
through No. 16, 18 or 20 mesh, but not through 
No. 24 or 30 mesh. Thisis the type sought after 
by buyers. The other is the flaky variety and is 
larger in size. When big pieces of leaf which are not 
open are seen in this grade, then itis said to be 
“leafy.” Sand, dust or powder must be thoroughly 
winnowed out, or otherwise this grade will lose its 
value. 


B. O. P. Fannings grade is sifted from the Ist, 
2nd and 3rd dhools and this grade is characterised by 
a blacker colour and a show of tip. 3B. P. Fannings 
which is ordinarily termed Fannings is sifted from 
the fourth and subsequent dhools and may not be so 
black and does not contain tip. 


Dust. This is the smallest grade and is usually 
sub-divided into Dust No. 1 and No. 2 and Sand 
Dust. Dust No. lis the best of the three and its 
value is high if it is black, grainy and free from fibre, 
fluff and grit. It should be fine enough to pass 


» 
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through No. 24 mesh but not through No. 30, and 
should be thoroughly cleaned by winnowing and blow- 
ing. While Dust No. lis black and grainy to the 
touch, Dust No.2 which consists of powdery leaf 
which passes No. 30 mesh but not through 40 and is 

soft in texture and brownish in appearance. 


The sifting procedure and the variations described 
here will give the beginner a good general idea of this 
important department of manufacture and help him 
to acquire practical experience quickly in grading 
procedure. 


SIFTING PROCEDURE. 
Method 1. 
1st Dhool. 


Pass over No. 10 mesh of sifter. 


2. What comes above this mesh should be cut 
once only in }” cell cutter. =~ 


3. After cutting, pass once again over No. 10 
mesh. 

What comes above No. 10 mesh is Pekoe. __ 

If it has a small roundish even appearance 


with a show of tips, it may be termed 
Flowery Pekoe. 


4. What comes below No. 10 mesh should be 
cut once only in }” cell cutter. 


5." Sift this tea now over No. 18, No. 24 and 
No. 40 meshes. 

What comes above No. 18 mesh is Flowery 
Broken Orange Pekoe, provided it has a 
good show of tips. 

What falls below No. 18 and above No. 24 
meshes is B. O. P. Fannings. ~ | 


Or 


« 


What falls below No. 24 and above No. 40 
meshes is Dust No. 1. 


2nd, 3rd and 4th Dhools. 


Pass over No. 10 eat of sifter. 


What comes above No. 10 should be carefully 
picked. Stalks and red leaf must be 
removed. 


After picking, cut once only in }” cell cutter. 
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Pass this again over No. 10 mesh. 

What comes above No. 10 mesh is either 
Flowery Pekoe or Pekoe according to the 
appearance of the tea. 


What comes below No. 10 mesh should now 
be sifted through No. 18, No. 24 and 
No. 40 meshes. 

What comes above No. 18 is Broken Orange 
Pekoe (B. O. P.) 

What comes below No. 18 and above No. 24 
is B. O. P. Fannings. 

What comes below No. 24 and above No. 40 
is Dust No. 1. 

To obtain Orange Pekoe of long wiry character, 

what comes above No. 10 mesh when the 
Ist, 2nd, 3rd and 4th dhools are sifted 

should be carefully hand picked, and 
should not be cué in the cutter. 

Pass this over No. 10 bamboo or cane hand 
sieve. 

What comes above this hand sieve is Orange 
Pekoe. 

What comes below the hand sieve should be 
cut once only in }” cell cutter and sifted 
through No. 18, No. 24 and No. 40 meshes. 


or 
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What comes above No. 18 mesh is B. O. 
What*®comes below No. 18 and above No. 2 
mesh is B. O. P. Fannings. 


What comes below No. 24 and above No. 40 
mesh is Dust No. 1. 


Big Bulk 


All stalks and red leaf should be hand picked, 
Then pass over No. 10 mesh. 


What comes above No. 10 should be again 
carefully picked and then cut once in } 
cell cutter. 


Pass again over No. 10 mesh. 
What comes above No. 10 mesh is Pekoe. 


What comes below No. 10 mesh should 
sifted over No. 18, No. 24 and No. 
meshes. 

What comes above No. 18 is Broken P 
(BF) 

What comes above No. 24 and below No. 18 
is B. P. Fannings. 

What comes below No. 24 and above No. 
is Dust No. 1. 


To obtain Orange Pekoe from Big Bulk, it 


should be hand picked and passed over 
No. 10 mesh of the sifter. 


What comes below should be sifted through 
No. 10 bamboo or cane hand sieve. 

What comes over the hand sieve is 
Pekoe. 


What comes below the No. 10 hand sie 
Should be cut once only in }” cell cut 
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and passed over No. 18, 24 and 40 meshes 
of the sifter. 


What comes above No. 18 is B. P. 


What comes above No. 24 is B. O. P. Fannings 
or B. P. Fannings according to appearance. 
More often this can be accepted only as a 
B, P. Fannings. 


What comes above No. 40 is Dust No. 1. 


Broken Mixed. When all grades are cleaned 
by means of a blower or by winnowing, all flaky and 
open leaf gets separated from the broken and leaf 
grades. This is collected and graded as Broken 
Mixed. 


Method 2. 


Another variation of obtaining the same grades 
by adoption of meshes of other sizes is described below 
briefly with the main purpose of assisting the beginner 
to understand and grasp the sifting procedure. 


B.O.P. This grade is obtained from all 
dhools uncut and cut when sifted through No. 14, 
16 and 18 meshes. What comes above No. 14, 16 
and 18 could be bulked and graded as B. O. P. 


B. O. P. Fannings. This is obtained from all 
dhools cut and uncut below No. 18 and above 
No. 24 meshes. 


B. P. This is obtained from the 4th and 5th 
dhools and from Big Bulk after these have been 
picked and cut in the }” cell cutter and sifted 
through No. 14, 16 and 18 meshes. What comes 
Above each of these meshes is B. P. 


Pekoe. This is obtained from all dhools cut 
(not more than thrice) until the required size is 
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obtained, and sifted through No. 8 and No.1 
meshes. What comes above these meshes is Pekoe 


Orange Pekoe. This grade is obtained from 
all dhools after these have been picked and stalks 
and red leaf have been removed. The dhools 
must not be cut, but after picking should be 
passed over No. 8 and No. 10 meshes. What 
comes below No. 8 and above No. 10 mesh 
should be sifted over No. 10 bamboo hand sieve, 
What comes above this hand sieve is Orange 
Pekoe. 


Dust No. 1. Thisis obtained below No. 2 
and No. 30 meshes. Below No. 30 and abov 
No. 40 is Dust No.2, and what comes below 
No. 40 mesh is Sand Dust. 


Broken Mixed. This is obtained from all 
grades when cleaned either by winnowing or 
blowing. 


When machine-sifted grades are hand sieved teas 
of even and uniform appearance may be obtained. 
Hand sieving is particularly helpful in the extraction 
of stalk. 


Out-turn of Grades. If all the various steps 
in the manufacturing process are correctly carried 
out, and provided the leaf used was neither coarse 
nor stalky, the methods of sifting outlined in these 
pages will give approximately the following percent- 
ages of grades :-— 

2 Qk. pes 8 % 
Le ig! ' 52 ,, 
8 9? 
au is 
Pekoe wie 8 


oR 
» 
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Fannings 15 % 
Dust No. 1 wy sa 
B. M. sfc ysilat 


100 % 


Where the out-turn of F.B.0O.P. is small, it is 
usual to bulk the F.B.O.P. and B.O. P. together 
into one B. O. P. grade. The above percentages will 
vary considerably from estate to estate according to 
local conditions of plucking, withering, rolling, types 
of rollers and battens and the sizes of meshes used 
for sifting. When B.O.P. Fannings are in good 
demand, by adjusting Rolling pressures and obtaining 
good withers, the B.O. P. output could be slightly 
decreased and the out-turn of Fannings increased. 
Grainy fannings are best obtained through a No. 16 
or No. 18 mesh as anything larger than this is 
considered leafy. 


Whatever system of grading is adopted, the 
trays of the sifters should be in good condition and 
not hollowed out, otherwise greying of the tea will 
occur. The cutters should also cut clean for the same 
reason. During grading tea is exposed to the atmos- 
phere in thin agitated layers, thus creating a suitable 
condition for dry tea to take up moisture, and dry 
tea will pick up moisture very readily. It is, there- 
fore, necessary that grading should be carried out as 
quickly as possible, and that the atmosphere of the. 
sifting room is kept dry. Drawing a current of warm 
air from the drying room into the grading room, and 
desisting from either picking over or grading in the 
wet weather until the dryers are working will help in 
this direction. It is advisable to maintain a hygro- 
meter in the grading room to show the humidity of 
the air, and so determine whether an improvement 
in the conditions is necessary or not. Tea will neither 
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pick up nor lose moisture in an atmosphere of 50—65 
per cent. relative humidity. Efforts should therefore 
be made to maintain a difference of 6—8°F between 
the wet and dry bulb thermometers placed in the 
atmosphere of the grading room. If tea is graded in 
such a dry atmosphere, it will not pick up any 

moisture. | 


Care should be taken that tea is not picked over 
in a damp atmosphere. This very often happens 
because picking over takes place sometimes with the 
sifting room windows open on a damp day while a 
dust fan is working, thus drawing in moist air over — 
the tea. There is no need to keep the windows open 
under such conditions if the fan is given access to the 
drying room air, but of course if this is not done, the 
fan will not be efficient as a fluff extractor. The dust — 
fans when placed in the wall of the grading room — 
should be coverd over at night to prevent the entry 
of outside damp air into the grading room and the bins. 


Greying of Teas. This is caused by an increase 
in the amount of light reflecting surface on the 
manufactured leaf, and is the result of excessive 
rubbing and polishing during the sifting and sorting — 
process, Excessive use of cutters, sifters and too 
much handling, all contribute to rubbing of the leaf’s 
surface and so increase the light reflecting surface of 
the leaf. Sagging meshes of trays in the sorting 
machines are another cause of greying. Blunt cutting 
edges of cutter blades, damaged cells of cutter cylind- 
ers, high cutting speeds, rolling speeds in excess of 
45r. p.m. must be avoided to prevent greying. Greying 
as a result of high firing has already been touched 
upon, and blistered teas invariably result in greying. 
Stamped aluminium with its smooth surface is prefer- 
able to the ordinary wire mesh and it will greatly 
minimise greying during sifting. , 
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It must be mentioned here that no useful purpose 
will be served by endeavouring to keep percentage of 
off-grades at too low a figure as any such attempt 
will carry the risk of easily spoiling the appearance 
and value of the main grades. The percentage of 
Broken Mixed can be reduced only by improving the 
standard of plucking. If the high percentage of 
Broken Mixed is not due to coarse leaf, then the fault 
could be traced to rolling of overwithered or under- 
withered leaf both of which produce a large percentage 
of flaky teas. Fittings such as sharp edged cones 
and battens on roller tables will also be responsible 
for a disproportionate amount of Broken Mixed. All 
these points must be looked into carefully and 
rectified before it can be expected to reduce per- 
centage of off-grades and broken mixed turned out by 
any factory. 


Packing and Storage of Tea. Soon after 
grading and sorting has ben completed the stalks and 
reds are picked by hand and the tea is stored in bins 
until sufficient quantities have accumulated to make 
a break, Tea after grading should not be allowed to 
lie exposed. Made tea falls among the class of 
materials known as hygroscopic substances which 
have a marked tendency to absorb moisture. Time 
and money spent on improvements in the manufacture 
of tea are wasted if due care is not taken over the 
storage of the finished teas, both in the factory and 
in transit. The most satisfactory moisture limit of 
packing is 4.5 to 6 per cent, and if tea is packed with 
more moisture there is a definite danger for it to 
“go off” in transit. It is therefore advisable to 
determine the moisture content of the tea before 
packing, and thus decide whether it is necessary to 
final fire or not. The importance of the moisture 
content testing apparatus should now be quite 


( 426 ) 


apparent. since without it the efficiency or otherwise 
of the final fire cannot be determined. 


It will be realised that each day’s teas will show 
some variation in size, quality and appearance and 
therefore before packing it will be necessary to bulk 
and mix the leaf thoroughly so that there will be 
uniformity and evenness in the entire break of tea 
packed. If this is not done, such teas run the risk of 
being rejected or being re-bulked at the expense of 
the estate concerned when tendered for sale. 
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CHAPTER XXVIII. 
TEA TASTING AND TEA TASTERS’ TERMS 


Tea tasting is neither an art nor is it a science. 
It entails considerable skill and experience and is an 
important part of the commerce of tea by which the 
worth of a particular tea is assessed and valued. A 
knowledge of tea tasters’ methods and their terms, 
therefore, will be very valuable to the tea planter to 
enable him to trace faults in the manufacture of teas 
in his estate, eliminate undesirable characteristics, 
and so improve the quality of his product. 


In assessing the value of a tea, the Taster takes 
into account the following factors :— 


(a) The appearance of the made tea. 
(b) The colour and aroma of the infused leaf. 


(c) The taste and flavour of the infusion which 
is called the liquor. 


The properties of the infusion or liquor are the _ 
most important in the majority of teas, but it is 
seldom that a good tea shows bad infused leaf. Only 
the more obvious differences in tea infusions can be 
readily detected by the layman, but practical 
experience soon teaches one to recognize the various 
characteristics of any tea with comparative ease. 


Method. The tea taster makes his infusion by 
taking a quantity of tea corresponding to a weight 
about one-tenth of an ounce, 3 gm. or 34 grains which 
is roughly equal to a sixpenny, 4-annaor a 25-cents 


( 428 ) 


coin. The tea is placed in a mug of } pint capacity, 
fitted with a lid. Boiling water is poured on the tea 
and the infusion allowed to stand for five minutes 
after which the tea is decanted off into a handleless 
cup of a capacity the same as the mug. The infused 
leaf is shaken from the mug on to the lid and thus 
exposed for inspection. 


After an interval of a few minutes, when the 
infusion and infused leaf have cooled off somewhat, 
the latter is examined for colour and the former 
tasted. In tasting, the taster sips a little of the 
liquor either from the cup or from a spoon, usually 
with a loud sucking noise said to result from the 
attempt to distribute the liquor all over the palate. 
After tasting, the liquor is spat into a receptacle kept 
for the purpose. Some time later, when the tea has 
cooled considerably, the liquor may be examined for 
‘cream’, the precipitate which settles from a strong 
tea, although the taster can usually tell from the 
look of the hot infusion whether it will ‘ cream down’ 
or not. 


Tea is generally tasted without milk, but blenders 
add milk to see how the tea ‘takes’ it. A good tea 
with milk shows an amber colour as opposed to the 
greyish dull colour given by poor tea. A blender’s 
cup is about twice as large as the ordinary tasting 

up and twice the amount of tea is infused. In 
merica, tea tasters usually infuse the leaf in the 
cup and taste the liquor in the presence of the infused 
leaf. The latter is examined by removing with 
a spoon. 


For many years chemists have tried to find some 
relationship between the analysis of a tea infusion 
and the quality and value of a tea as denoted by the 
taster. No appreciable correlation has been obtained, 
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first because the minor differences detected by the 
taster’s palate are too subtle for analysis, and 
secondly because the methods of chemical analysis 
are not sufficiently discriminating to distinguish 
between even the more obvious properties of an 
infusion. 


The following illustrates one important direction 
in which a chemical analysis is inadequate. All the 
tannin bodies in a tea infusion are estimated as a 
group and returned as ‘tannin’. It is known that 
tea tannin is present in an infusion in several 
modifications which are _ responsible wholly for 
rawness, briskness, pungency and in part for strength, 
colour and thickness. The ‘cream’ is composed 
mainly of tannin bodies. It will hence be understood 
that an estimation which combines the substances 
wholly or partly responsible for all. these qualities, 
and gives no indication as to their respective 
proportions, cannot be closely correlated with the 
properties of the liquor. For this reason the chemist 
will never replace the tea taster, not only because of 
the high cost of analysis, even if this were able to 
discriminate between teas, but also on account of the 
rapidity with which the taster can work. A tea 
taster can taste, describe and evaluate a dozen teas 
in a few minutes. 


Most of the taster’s terms refer to shortcomings 
or bad characteristics in teas. Many of these faults, 
as indicated in the previous chapters, may be 
developed at any stage in manufacture. Thus, dull 
infused leaf may be due to poor leaf, overwithering, 
over-fermentation or incorrect firing. It is therefore 
necessary to be methodical in tracing a particular 
fault to its source: Many faults result, indirectly, 
from a shortage of labour, factory space or machinery. 
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The liquoring qualities of a tea, which depend on 
the tannin and tannin products in the infusion, are 
governed largely by the fineness of the leaf. Fine 
leaf will give teas which have liquors described as 
thick, strong and brisk or pungent. Coarse leaf gives — 
thin, washy and weak liquoring teas with a plain or 
coarse character. Careful manufacture reduces the 
degree of these undesirable qualities. 


Quality tea can only be made from fine leaf. 
The exact significance of the term quality is difficult — 
to fix, and some tasters consider that it is only 
present in teas from certain districts or at certain 
seasons, and rare in teas from other districts and at 
other times, however, fine may be the plucking. 


True pungency is also considered by some tasters 
to be confined to teas from certain districts and also 
to certain periods. 


Teas made from young leaf have duller infusions 
than those made from older categories; the rate of 
improvement in the brightness does not seem to vary 
directly as the age, but will show the most noticeable 
change when the leaf is young. Young leaf manu- 
factured at about 20 weeks from the date of 
commencement of pruning will be very dull in the 
cup. As it becomes older the colour improves rapidly 
up to 50 or 60 weeks after which the change is less — 
and less until at 90 weeks from pruning the variation 
is imperceptible. The infused leaf of young leaf 
under 20 weeks from pruning is dull which gives 
place to a bright coppery colour with leaf from older 
fields. This is due to the fact that the tannin 
content of young leaf is low whereas it is high in leaf 
taken from fields which are more than 20 weeks from 
commencement of pruning. 
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By experimenting with manufacture, the bright- 
ness of teas made from leaf of all ages can be greatly 
improved. There are several factors which tend to 
improve brightness and many others which have the 
opposite effect. Some of these can be described as 
follows :— 


1. In almost every chapter relating to the 
different departments of Manufacture, the influence 
of withering has been stressed and emphasized. The 
effect of correct withering on brightness is no 
exception and the attainment of this valuable 
characteristic rests toa very large extent on good 
withering of the leaf. To obtain good bright liquors 
and infusions the operation of withering must be 
most carefully undertaken and every precaution 
observed in order to ensure that withers are not too 
hard, too soft or uneven. Best results are obtained 
if leaf from old fields is withered about 5% harder 
than that from younger bushes. 


2. The process of firing is closely related to 
that of withering, and it is not possible to say that 
one has a separate effect on the resultant quality 
without considering the other. Correct firing has an 
important effect on the brightness of a tea though 
the process may have been indirectly influenced by 
withering. Over-firing will produce dull black 
infusions whilst under-firing will give what may be 
termed greenish. If teas are fired to a degree which 
does not appreciably spoil any latent brightness and 
are then final fired to the correct moisture content in 
order to fix fermentation, they should at the time of 
their purchase be bright in liquors and infusions. 


3. Unduly high temperatures whilst rolling 
have a decidedly dulling effect on brightness and 
therefore should be avoided. Leaf from young fields 


° * 
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seems to be far more sensitive to temperature rises 
than older leaf, and for this reason can advantageously 
be treated more gently and with less added pressure. — 
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4, Within reasonable limits the length of 
fermentations do not affect brightness and fully 
fermented tea or one with a very green infusion can 
both be bright. The idea that because an infusion or 
liquor is green it must become bright and coppery on 
arrival in London after maturity is erroneous. A dull 
tea whether coppery or green will probably be more 
dull at the time of purchase than when it was packed. 


5. Any absorption of excessive moisture between 
the day of firing and packing may, if prolonged, be 
the cause of a loss of brightness. The storage of 
fired teas and the quickness of despatch should there- 
fore receive most careful attention. 


Flavour and aroma are closely allied, evanescent 
qualities which are apparent at certain times of the 
year and are marked in certain districts. According 
to some observers, flavour is often lost by long wither 
and by high temperatures during manufacture. A 
tea with a touch of flavour is described as having a 
good nose. For marked flavour the bushes must be 
in such condition that the ‘tippings’ should be 
practically finished and the plucking surface of the 
bush completely made which normally takes about 
20 weeks from commencement of pruning. In the 
rains, fine leaf and careful manufacture give teas 
highly valued. for colour, strength and thickness. 
True pungency or marked flavour are usually absent 
at this time. 


GLOSSARY OF TEA-TASTERS’ TERMS. 


Good tea gives a liquor which is thick and bright 
red in colour. On cooling it gives a deposit known as 
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the ‘cream’. The liquor tastes pungent and strong 
and has flavour. In the glossary contained in these 
pages, the terms employed by tasters in London, 
‘India and Ceylon are given. The list does not 
pretend to completeness, and only terms which are 
used in their ordinary sense are given, for there are a 
good number of terms used by individual tasters 
which convey little to the average tea planter. 


Some very useful and expressive terms in 
common use are difficult to define. Thus the signi- 
ficance of quality is hard to fix, for it seems to denote 
desirability in many ways or the presence of some 

flavour. Exactly how quality is obtained or destroyed 
cannot be said, although it is evident that only fine 
leaf gives quality teas. 


Another common term is point. This cannot be 
tied down to any particular property, some tasters 
using it to denote any characteristic, strength, 
pungency, briskness, which is sufficiently marked to 
carry that property into a blend. 


The exact meaning of briskness is difficult to 
define. Many tasters use it to denote a live liquor as 
opposed to a flat one, but whether it indicates a 
degree of pungency it is difficult tosay. The terms 
live and flat are here used as they are in describing 
freshly opened soda water and soda water which has 
been allowed to stand for some time. 


Pungency in a tea tends to leave the mouth raw 
after tasting. It is generally a characteristic of 
Assam and Ceylon high-grown teas. 


Many terms appear to be used to denote the same 
property or slight variations of the property. Thus, 
washy, weak, thin, light and sweet describe various 
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degrees of thinness, the first two terms representi 
something very undesirable. The last two terms ma 
be used to describe good liquors, although not so good 
as those showing thickness and strength. Some tasters 
use the term sweet to denote a liquor that is no 

coarse or common. ; 


The terms dry, bakey, high-fired and burnt denote 
degrees of the same fault in ascending order of 
undesirability. The expression malty denotes a 
desirable quality, and this is also probably the result 
of a touch of the fire. 


The terms full, rich, ripe, round, smooth and 
mature all indicate an absence of bitterness or 
rawness in the liquor and suggest strength. Such 
liquors usually cream down well. Fullness gradually 
gives way to softness and then flatness. 


The expression sweetish is occasionally used to 
denote a tea which has some undesirable quality, 
probably a taint. Fruity expresses a similar char- 
acteristic and suggests over-fermentation on an 
infected fermenting space. In general, taints arise 
from causes quite foreign to tea, 


The terms contained in the following glossary are 
arranged for easy reference in alphabetical order 
under three headings dealing with the appearance of 
the tea, the infused leaf and the liquors. In order to 
assist the planter to trace faults in his teas an 
attempt has been made to give the contributory 
causes of the faults wherever possible. Tea tasters’ 
reports and valuations provide useful and interesting 
material for study, and those characteristics which 
are desirable should be improved upon and maintained 
whilst causes of less favourable and weak points 
should be traced and eliminated, 
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TERMS DESCRIBING 
APPEARANCE OF MADE TEA. 


_ Bakey.—Denoted by smell. Refers to teas 
which have been overfired. Inlet temperatures of 
over 200°F produce this effect. 


Biscuity.—Indicates crisp teas which have been 
slightly overfired. Drier temperatures over 195°F may 
cause this if erratic feeding of leaf is done by which 
the dryer runs empty at higher temperatures at 
certain times during the firing process. 


Black.—Denotes teas with good black appearance. 
A favourable character when teas with good appear- 
ance are in demand. Fully withered leaf gives black 
tea. Leaf free from stalk and reds will enhance this 
characteristic. 


Blistered.—Refers to teas having a_ bloated: 
appearance or small blisters caused by high temper- 
atures and/or rapid firing. Usually when the first 
firing has been insufficient and case hardening results, 
a second firing at a high temperature to drive out? 
the moisture imprisoned in the core of the leaf causes 
this effect. The moisture in escaping raises the 
surface of the leaf and gives it a blistered appearance. 


Bold.—As applied to leaf grades shows that the 
grade is large with an element of coarseness. In 
Orange Pekoes and Pekoes this characteristic is 
undesirable. The antonym of this term would be 
‘Small and neat”. Brokens which are well twisted 
and slightly large may be termed “bold” and this 
characteristic in Brokens may be sometimes desirable 
or not according to the demands of the trade. It 
indicates that the pieces of leaf are rather big and 
would be preferable if made smaller. 
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Brown, Brownish.—This is self-explanatory. 
It denotes leaf which has a brownish appearance. 
Damaged or bruised leaf, excessive handling, excessive 
pressure rolling in a dry atomosphere, coarse or 
overgrown leaf are all contributory causes of this — 
unfavourable character. Underwithered leaf fired — 
at a temperature of over 195°F will also produce | 
brownish teas. 


Barnt.—Denoted by smell and refers to overfired © 
leaf and is more unfavourable than the term “ bakey”. - 
Inlet temperatures in excess of 200°F are responsible 
for ‘‘ burnt ” teas. ; 


Choppy, chopped.—This term indicates excessive 
use of a tea cutter and refers to leaf broken up in 
cutters with blunt blades, defective cells, or to leaf. 
cut up too many times. Leaf broken in the rollers” 
does not come under this description. Used in regard — 
to a Broken Pekoe made by cutting down a leaf grade 
such as Orange Pekoe or Pekoe in the cutters. 


Clean.—Refers to leaf which has been properly — 
cleaned and which is free from dust, fannings, fibre 
or flaky and open leaf or stalk. 


Crepy.—This refers to overfired or rapidly fired 
leaf which has a crimped and shell like appearance 
and is brittle to the touch. 


Crisp.—Denotes well fired teas under correct 
temperatures. A good and desirable characteristic. 


re Curly, shotty.—Small, round, tightly twisted 
eaf. 1 


Cut.—Same as chopped or choppy. 


e 
| 
Dusty.—Refers to leaf which has not been 
properly cleaned showing traces of dust. 


7 
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Even.—A desirable character which refers to leaf 
which is of even size and true toits grade. The 
pieces of leaf are roughly of equal size. 


Ends, Some ends.—Indicates presence of small 
tip. Some tasters may mean small pieces of stalk. 


Flaky.—Leaf which is not twisted, but in flakes. 
Denotes open leaf in the form of flakes which has not 
been properly twisted. This results when lightly 
withered leaf is rolled under pressure. The leaf 
yields to the pressure and shearing takes place instead 
of taking a twist. Other causes may be attributed to 
coarse leaf, over withering by excessive use of hot ~ 
air to a point of drying up the leaf, fast rolling 
or incorrect use of rolling pressures. This is an 
undesirable character and should be eliminated. 


Fibre.—Shows improperly cleaned leaf showing 
presence of fibre. 


Flat.—Denotes flaky leaf when the term is used 
in regard to appearance. 


Fluffy.—Denotes presence of fluff. Such teas 
should be well winnowed and thoroughly cleaned by 
means of a blower. 


Golden Tip.—Describes presence of pale yellow, 
dull or bright tips. 


Grainy.—This term is used to describe ‘well 
made Fannings and Dusts which are grainy to the 
touch. 


Grey.—Refers to teas which are grey (not black) 
in colour. This character results from excessive use 
of cutters, excessive rubbing or abrasive action ini 
sifters having sagging meshes, and also from too: 
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much handling generally. Blistered teas turn grey 
during the sifting process. Too rapid a firing is also 
a contributory cause. 


Gritty.—Denotes presence of grit. This is 


noticed by gently blowing the tea in the palm of one’s — 


hand. A term used in the description of Dusts and — 


Fannings containing grit or sand. 


Irregular.—Same as uneven. It describes leaf 
which is not true to its grade and which is composed 
of leaf of different grades and sizes. 


Leafy.—This term’ describes broken grades 


(B. O. P., B. P., Fannings & Dust) composed of rather — 


large or ‘bold’ leaf. 


Mixed.—Refers to leaf of different grades and | 


sizes which have been bulked together. 


Nose.—Indicates some aroma on the dry leaf. 
The nose may be good or bad and this term should be 
read in’ conjunction with the other descriptions that 
follow the term. 


Open.— Describes flaky leaf. 


Overfired.—Explains itself. Denoted by smell. 
Same as bakey. 


Red ends.—Describes teas manufactured from 
leaf which has commenced to become coarse. 


Sandy.—Explains itself. Denotes presence of 
sand which is noticeable on blowing the leaf. A term 
used to describe fannings and dusts. 


Shelly.—Refers to small roundish leaf which has 
not been tighly twisted, and which is neither flaky 
nor open. ‘This gives the leaf a shell-like appearance. 
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Shotty.—Same as ‘curly’. A good characteristic 
which refers to roundish small even and tightly 
twisted leaf. This is obtained by proper rolling of 
fully withered leaf. 


Silver Tip.—Denotes presence of greyish or 
whitish coloured tips as opposed to golden tips. This 
is caused by damage to the leaf or it may due to 
overwithering which makes the tips turn grey. 


Spongy.—This term describes teas which are not 
crisp but are soft to the touch due to firing at low 
temperatures whereby the teas leave the drier with a 
high moisture content. It may be also due to poor 
storage facilities as a result of which the teas absorb 
an excessive amount of moisture. Spongy teas will 
not keep. 


Stalky.—This is self-explanatory. It indicates 
presence of stalks caused by rolling of coarse leaf 
under heavy pressure which makes the appearance of 
stalk conspicuous. 


Tippy.—This term describes teas with a good 
show of golden tips. A very desirable characteristic. 
The fine hairs on the young leaf and buds get smeared 
with the fermented. sap of the leaf and show off as tip. 


Twisted.—Explains itself. Well withered and 
correctly rolled leaf gives twisted or well twisted tea. 
Battens with cutting edges, fast rolling and hard 
pressures should be avoided if it is desired to accentu- 
ate twist. 


Uneven.—Denotes a grade with an admixture of 
several sizes as opposed to “even”. The same grade 
may also be termed as ‘irregular’. The system of 
sorting and grading should be checked to correct this 


fault. 
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Well made but mixed.—Describes teas of good — 
twist and colour, but not true to the grades as marked. 
This is due to bulking of teas of different sizes. 


White tip.—Same as ‘Silver tip’. 


Wiry.— Describes good Orange Pekoes which are 
well twisted. and which have been made from fully 
withered thin leaf. 


TERMS DESCRIBING THE INFUSED LEAF. 


Infused leaf is judged by sight and smell. This 
helps to fix and gauge the degree of fermentation, the 
type and quality of the green leaf used for manufac- 
ture and clearly shows the evenness or unevenness of 
the various grades. The following is a list of terms in 
common use for the description of the infused leaf :— 


Bright.—The infused leaf is bright coppery in 
colour. The leaf has the colour of a new penny and 
points to a good tea. The liquors from such teas are 
strong and rich in tannin which’ gives the charact- 
eristic brightness to the infused leaf. Tea made from 
young leaf plucked at intervals of 6 to 7 days from 
fields which are more than 20 weeks from commence- 
ment of pruning has a high tannin content, and the 
infused leaf from such teas is bright. 


Bright greenish.—This term is used to describe 
the infused leaf of some good quality Uva teas. 
The leaf is red with a greenish tinge. 


Bright but mixed.—Denotes well fermented and 
well rolled leaf which has been mixed with under- 
fermented and/or insufficiently rolled leaf. The 
infused leaf in this case consists of bright coppery 
pieces mixed with black and green leaf particles. 
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‘Barnt.—Black infused leaf indicating very high 
temperatures and prolonged firing. 


Coppery.—Describes leaf of a bright copper 
colour which is not so bright as leaf referred to under 
the term bright. It denotes a good tea with a lower 
degree of tannin content. 


Dall.—Dark brown or dark green infused leaf is 
described as dull. The liquors of such teas are also 
dull. It denotes a poor tea. The colour is that of 
an old penny, and is a result of overwithering, over 
fermentation, coarse leaf or very young tipping leaf. 
or a combination of all these factors. | 


Dull green.—Refers to dark greenish infused 
leaf denoting a poor tea. Tipping leaf, underwithered 
underfermented or insufficiently rolled leaf are the 
contributory causes of this character. The liquors 
will be raw or harsh. 


Dull and mixed.—An undesirable character 
describing a mixture of dark brown and green infused 
leaf denoting a mixture of tippings and mature leaf ; 
uneven rolling or uneven fermentation may also be 
the likely causes. 


Good colour.—Used to describe bright and 
_coppery infused leaf. 


Green.—Green or greenish infused leaf denotes 
underwithering, underfermentation or insufficient 
rolling. The liquors from such teas are raw if the 
leaf is fine and will be thin if the leaf is coarse. 


Mixed.—The infused leaf shows a mixture of 
bright, dull, and green pieces denoting leaf from 
different jats, uneven withering, uneven fermentation 
or insufficient rolling, or a mixture: of young or 
mature leaf with good quality lesfea) ticone a yidianeny 
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Open.—Denotes that the infused leaf has lost 
the twist in the infusion. If it is bright at the same 
time, a good tea is indicated. 


Uneven.—Denotes a grade of several sizes and it 
suggests that the sifting and grading need looking 
into. 


TERMS DESCRIBING THE LIQUORS. 


The tea infusion is referred to by the taster 
as the liquor which is judged by sight, taste and 
smell, The standard terms in common use are listed 
below in alphabetical order :— | / 


Aroma.—Refers to teas possessing flavour. A 
character of high value. 


Bakey.—A slightly high fired tea. 


Bright.—Denotes a bright and clear colour. In 
the early season teas the brightness is of an orange 
tinge, and in the later teas a rosy red clear colour. 
This term describes the best sparkling infusions with 
some briskness. 


Brisk.—This term is rather difficult to define 
but refers to correctly fired teas the liquors of which 
are live in character as opposed to flat. The terms 
‘live’ and ‘flat’ are used here as they are in describing 
freshly opened soda water and soda water which has 
been allowed to stand for some time. Bright 
liquoring teas are usually brisk. It may or may not 
possess pungency. 


Burnt.—Refers to liquors from overfired teas, 
A taste of burnt organic matter in the liquor and a 
similar smell in the infused leaf would indicate this 
character. This is largely the result of high firing or 
possibly a second firing at too high a temperature. 
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Choice.—Describes liquor of a degree less than 
‘Standout’ which please see. 


Clean.—Describes a bright liquor of plain 
_ character, 


Coarse.—Refers to teas made from coarse leaf 
generally. A liquor of some body but with lack of 
quality. 


Colour.— Denotes good colour but not necessarily 
_ a good tea. The term must be considered in con- 
junction with other characteristics. 


Cream.—This is observed when liquor with 
strength and body cools. The surface of the liquor 
then turns opaque and creamy. Describes teas of 
good character and quality. 


Dry.—The description of a characteristic in the 
liquor of a tea which is not discharged from the drier 
as soon as it has been fired. Suggests slight bakiness 
with a measure of plainness. 


Dull.—Brownish liquors which are not clear or 
bright. May result from over-withering, over- 
fermentation or incorrect firing. When this fault 
persists, the dryer will need a check up. 


Flat or Soft.—Lacking in briskness and pun- 
gency. Generally used to denote a tea that has gone- 
off. Results from over-withering, over-fermentation 
or incorrect firing. 


Flavour.—Used to describe Assam and Ceylon 
High grown teas. Uva teas at certain seasons possess 
this valuable gift. Similar to aroma. 


Fruity.—Suggests a taint. May be due to over- 
fermentation on an infected floor. 
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Full.—Describes a liquor of good strength and 
colour which is not bitter and which has no coarse 
character. A liquor which creams down well. 


Full rich.—Refers to a liquor of good body a 
strength, as opposed to thin. The difference between 
these terms may be illustrated by the difference — 
between watery milk and full rich creamy milk. . 


Gone off.—A tea which has lost its fresh 
character. Denotes a mouldy tainted, flat or old tea. — 
It is the result of packing and storing tea with a - 
moisture content in excess of 6 per cent. 


*" 


Good Body.—Good strength. Describes a thick — 
liquor which creams down well. 


Good colour.—Bright red or golden liquors. 


Good quality.—Describes the sum total of all 
desirable characteristics found in a good tea. See 
also ‘ quality’. 


Greenish.—A bitterness which should not be 
confused with pungency. Under withered or under 
manufactured tea. Liable to deterioration. A second 
firing at a temperature not exceeding 190°F may 
improve it somewhat, but cannot repair the damage 
already done. 


Hard.—Suggests pungency. This is a desirable 
quality met in Assam and Ceylon high grown teas. 


Harsh.—An infusion which is bitter. Same as 
raw and rasping. Results from under-fermentation, 
but generally from under-rolling. 


_ Heated.—Describes a soft dull fruity liquor 
which may be the result of overwithering, overfer- 
mentation or faulty firing. 
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High fired.—A characteristic which is not so 
bad as ‘burnt’. If tea remains in the dryer after it 
has been fired at a temperature of 200°F or more, this 
effect results. 

*: 

Light.—Pale in colour but does not necessarily 
denote a poor tea. Good quality, pungent teas are 
frequently light. This term should not be confused 
with thin. 


Malty.—Suggests slight high firing but not over- 
fired. Used for quality teas well and properly fired. 
High firing will not produce a malty tea unless this 
character is originally present in the leaf. 


Mature.—No rawness or flatness—akin to full. 


Muddy, Murky.—Dull liquors suggesting over- 
fermentation. 


New.—A tea which has not had time to mellow. 
It denotes also some rawness in the liquor which will 
disappear if the tea is kept. 


Nose.—Refers to some aroma in the liquor. 


Plain.—A liquor without any desirable character 
and without quality. It suggests that the tea has 
been made from coarse leaf. 


Point.—A liquor well marked in briskness or 
some other desirable characteristic. It denotes good 
quality with a touch of pungency. This term cannot 
be tied down to any particular property. ‘asters 
use it to denote any particular character which is 
well marked such as strength, pungency or briskness. 


Pungent.—A liquor which has astringency with- 
out bitterness. When pungency is well marked, it 
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cannot be mistaken. In addition to the astringent 
effect of the liquor in the mouth, it has an effect 
similar to that obtained from sniffing a bottle of 
ammonia and tends to leave the mouth raw after 
tasting. « 


Quality.—Fine leaf alone can give quality teas. 
It is an useful character, and the term, like ‘point’ is 
difficult to define. It denotes the presence of several 
desirable qualities such as strength, flavour and 
colour which are well marked. 


Rasping.—Same as raw or harsh. Used to — 
describe a bitter liquor. 


Raw.—A bitter liquor brewed from teas of a 
greenish character. The cause can be traced to 
young leaf and soft withers, under-fermentation or 
under-rolling. : 


Rich, Ripe, Round, Smooth.—Same as Full. 


Round.—A strong coloury liquor which is not 
bitter. Same as full. 


Smoky.—Explains itself. A liquor with a 
smoky taste and smell caused by a dryer fault and 
defective firing. If this character is present, the 
dryer should be checked up immediately. Leaky 
tubes which permit smoke to enter the drying 
chamber may be responsible for this. 


Smooth.—A liquor which is not so pronounced 
as ‘full’. Describes a liquor which is neither bitter 
nor pungent. It is not a bad term. 


_ Soft.—Describes a liquor without briskness or 
point which terms please see. Denotes lack of a live 


( 447 ) 


character or pungency and briskness, but is not as 
poor a term as ‘flat’. 


Sour.—A liquor which gives a sour taste due to 
defective manufacture or over fermentation on an 
infected floor. 


Standout.—Denotes useful quality, colour and 
strength with some pungency. 


Stewed.—A dull tea lacking in common tea 
flavour. Results from under-firing, or from too 
thick spreading on the firing tray. It may be due 
also to over fermentation or slow firing at low 
temperatures. 


Strength.—A combination of thick liquors and | 
pungency or briskness. A strong tea which creams 
down well. 


Sweaty.—Denotes a taint which may result from 
over-fermentation on an infected floor. 


Sweet.—A light liquor that is not altogether 
undesirable. 


Tainted.—A tea having a strange flavour. May 
result from infection by micro-organisms at some 
stage of manufacture or on keeping. Usually refers 
to some flavour quite foreign to tea, e. g.—oranges, 
onions, kerosene. 


Tatty.—A liquor tainted by unwashed hessian 
withering tats. 


Thick.—A concentrated, bright red infusion 
which creams down well. 
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Thin, Weak, Washy.—A dilute infusion of little 


value. Such liquors may result from under-withering, 
under-fermentation and insufficient rolling. High 
temperatures during manufacture produce thin 
liquors. Thin liquors usually indicate poor leaf. 


Weathery.—Describes liquors of a soft character 
from teas manufactured during rains. 


CHAPTER XXIX. 


THE MARKETING OF TEA—TEA 
BLENDING—TEA PROPAGANDA 


Tea markets exist in all countries where tea is 
produced on a large scale. In India and Ceylon, 
regular tea auctions are held at Calcutta and Colombo. 
Part of the tea sold is consumed locally, but the 
greater part of it is shipped to London, Australia, 
New Zealand, Middle East, Far East and America. 
The Tea centre for Europe is London where tea is 
auctioned on four days of the week, and sales are 
conducted in sale rooms in Mincing Lane in the City 
of London. When the tea reaches the London dock, 
it is taken into Customs Bonded Warehouses and is 
re-weighed- and sold on warehouse weights. The tea 
is put up for auction by selling brokers who act for 
the tea dealers and distributors. Buyers send down 
to the warehouses for their own samples which are 
drawn from ‘show’ packages. In Colombo, teas are 
stored at Agents’ Stores and samples are drawn and 
distributed by the selling broker. His primary duty 
is to sell the tea and obtain the best possible prices. 
His second duty is of an advisory nature, to report on 
teas and keep Agents posted regarding market require- 
ments and trends. Thirdly he is responsible for 
the smooth running of the machinery of transfer. 


Tea Blending. The blending of tea is done by 
a tea taster, and since the product of every estate is 
constantly changing, it is the taster’s responsibility to 
see that the qualities of the blend are fairly constant. — 
A taster’s power of discrimination is highly developed 
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and he can make up blends from a diverse collection 
of teas to match other blends orto match blends 
made earlier. Well known and widely advertised 
proprietary blends must be kept at a stable price, 
and when the price of the better teas which give 
flavour and quality to the blend rises, the price of the 
blend is kept down by adding a greater proportion of 
cheap tea known as the ‘filler’, This is a low priced 
common tea which does not contribute to the quality 
in any way but, provided it is fresh, will not do any 
harm except to act as a diluent to the finer qualities 
of the blend. Provided it is not overdone, the filler 
may be used to stabilize the retail price of a blend 
throughout a fairly wide range of wholesale price 
fluctuations. 


Several characteristics go to make up a good tea, 
some of which are flavour and aroma, pungency, 
strength and body. The teas of one estate may be 
endowed richly with one or two qualities but may be 
lacking in others. Accordingly, teas are blended to 
give anice balance of all the desirable properties. 
The other reason for blending tea arises from the 
necessity of supplying a demand for tea of an 
approximately uniform quality at a stable price. 
Practically no unblended tea reaches the consumer, 


TEA PROPAGANDA. 


The virtues of tea have been sung throughout 
the ages in verse and prose and the tea-drinking 
habit has been eulogised by poets, authors, soldiers 
and statesmen alike. Sometimes the habit has come 
in for criticism or even condemnation, but these 
attacks have invariably inspired powerful counter- 
attacks from those who love Tea and only helped 
to keep it in the forefront of the beverage field. 
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This does not mean, however, that Tea can afford 
to rest complacently on the plaudits handed to her by 
great men of the past—a new century has dawned 
and with it a new generation and fresh rivals have 
appeared. The art of advertising and merchandising 
a product has assumed an importance never before 
realised. Inereased funds are being placed behind 
Tea’s rivals in a determined attempt to move her out 
of her place in the beverage field, where habits are 
easily liable to change unless they are carefully 
nurtured and promoted. What great men said of 
Tea in the past has thus to be repeated and brought 
continuously and persistently to the public mind by 
all the methods and through all the media open to 
the modern advertiser and propagandist. 


The problem that has been facing the Tea 
Industry for some time is therefore not only one of 
winning new markets but also of conserving the 
existing ones; in view of the importance of Tea to 
the national economy of each producing country, the 
Government of the country has always associated 
itself closely with the Industry in grappling with this 
problem and for this purpose, government and 
industry have in mutual interests, set up organisations 
backed in most cases by statute, entrusted them 
with funds and charged them with the responsibility 
of promoting the consumption of their Teas in the 
world consuming centres. 


In Ceylon this organisation carries the name 
«The Ceylon Tea Propaganda Board”, established 
under the Tea Propaganda Ordinance No. 19 of 1932. 
It is fully representative of the Government as well 
as all the tea producing and trading interests and it 
derives its funds from a cess on all tea exported from 
the Island and levied at a rate fixed by Parliament. 
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The present rate is Rs. 1/70 per 100 Ibs. of tea 
exported. 


A small part of these funds is utilized in Ceylon 
for the purpose, not so much of introducing tea to 
the consumer, but of acquainting him with the proper 
methods of brewing it and so obtaining the fullest 
satisfaction from the cup of tea which he is already 
accustomed to take. He is told, in every possible 
way, that he should use pure fresh tea and the dealers — 
are exhorted to see that he gets this. In areas, such 
as the Northern part of the Island, attempts are 
made to make tea better known and in general, the — 
Ceylon Tea Propaganda Board seeks every way of 
creating goodwill for Tea and the Industry, without 
which no Industry can thrive. The population is 
reached mainly through the Board’s Tea-Caravan 
Service which provides the agency by which liquid 
sampling can be done and Tea-brewing demonstrations 
held in every part of the Island as often as possibile. 
The younger generation is informed of the virtues of 
tea during the formative years of their lives through 
the Board’s Tea-in-School Service; under which 
arrangements have been made for school children to 
have each day, a cup of tea brewed by themselves. — 
Advisory work in such institutions as public offices, 
canteens, rest houses, restaurants and the railway is 
also undertaken, the aim being to ensure as far as 
possible the service of the best cup of tea to all those 
who ask and pay for it. 


By far the larger portion of the Ceylon Tea Pro- 
paganda Board’s funds is spent on the promotion of 
teas in overseas markets. In these markets tea 
propaganda is, by mutual agreement between Ceylon 
and other black tea producing countries such as India, 
Indonesia, Pakistan, East Africa and N yasaland, 
carried on for the promotion of tea as a beverage and 
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not as the product of any particular country. This 
expedient was adopted after careful thought nineteen 
years ago, as it suited the established marketing 
conditions in all the large world markets and in view 
of the paramount need for tea to present a common 
front to other beverages rather than fritter away its 
resources in competition as between the teas of each 
producing country. This ‘international’ tea promotion 
is directed and controlled by the International Tea 
Market Expansion Board, London, on which are re- 
presented both tea-producing as well as the Govern- 
ment interests of all the countries which have come 
together under this joint-promotion scheme and the 
funds for executing this scheme are contributed by 
the propaganda organisations established in each 
country—in Ceylon, by the Ceylon Tea Propaganda 
Board. 


The International Board works through Tea 
Bureaux established in various parts of the world—at 
present such bureaux exist in the United Kingdom, 
Ireland, the United States of America, Canada, 
Australia, New Zealand, Egypt, South and West 
Africa, the Netherlands, Switzerland and Denmark, 
and their programme of work broadly stated, covers 
operations to encourage and set patterns both for 
advertising and merchandising tea in complete co- 
operation with the established tea trade in each 
consuming market, to initiate and promote research 
and development in the design and manufacture of 
tea-making and service equipment and to disseminate 
information with the aim of fostering public opinion 
favourable to tea. With these broad objectives in 
view, tea promotion is planned and carried out in each 
overseas theatre to suit the conditions peculiar to 


that market. 


( 454 ) 


Results in work of this kind are neither quick 
nor spectacular, but there is every indication that 
these promotion efforts will bear fruit in course o 
time and cause an expansion of tea consumption in 
world markets for the benefit of Ceylon and the other 
tea producing countries who are the partners in the 
joint effort. 


PART IV 


BOOK-KEEPING AND 
ESTATE ACCOUNTANCY. 


CHAPTER XXX. 
INTRODUCTION 


ESTATE ACCOUNTANCY as practised today 
has been evolved through decades of experience and 
the system of keeping books of account is fundament- 
ally the same in all plantations. A sound foundation 
in Estate Accountancy is a most important asset and 
valuable qualification to the young planter who is 
aspiring to be in charge of a property. He should be 
able to discern the meaning of each and every entry 
made in the books of account without any doubt 
whatsoever, and so be in a position to check the 
correctness of such entries. This most useful knowl- 
edge will not only help him to see how the finances of 
his estate stand, but he will also have a clear command 
over expenditure which is vital for working to one’s 
Estimates. This section on Estate Accountancy has 
therefore been carefully prepared to meet the needs 
of the beginner and the young planter who is training 
for greater responsibilities. An earnest endeavour 
has been made to present the essential knowledge 
required on the subject of Estate Book-keeping and 
accountancy in a practical and concise form so that 
the reader will have no difficulty in grasping the 
fundamentals thoroughly and keeping a set of books 
by himself once he has studied the instructions, rules 
and knowledge imparted herein carefully. 


ELEMENTS OF BOOK-KEEPING. 


Book-keeping can be defined as the science and 
art of recording in books all transactions relating to 
money or money’s worth in such a manner that one is 
able at any time to ascertain the maximum inform- 
ation in regard to one’s business with clarity and 
expedition, The result obtained can be relied upon 
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as absolutely accurate because books of account can 
be PROVED with the same ease as one can prove an 
addition by subtraction, or multiplication by division. 


Theory of Book-keeping. The only system of 
Book-keeping worthy of the name is generally known 
as “Double Entry” which means that TWO entries 
are necessary to record the two aspects of every 
transaction. Any business transaction consists of an 
exchange or transfer of money or money’s worth 
which implies two sides or two parties. This gives 
rise to the first principle in Book-keeping, namely :— 


THERE MUST BE TWO PARTIES 1N 
MAKING A TRANSACTION. 


1. One who RECEIVES a benefit, and 
2. One who GIVES the benefit 


It follows, therefore, that there cannot be a 
DEBTOR without a CREDITOR. 


The RECEIVER of a benefit is called the 
DEBTOR (DR.) 


The GIVER of a benefit is called CREDITOR 
(CR.) 


To record a transaction correctly, both aspects of 
receiving a benefit and giving of that benefit must be 
entered. In other words, a double entry of the trans- 
action must be made:— 


The Receiver or the Receiving Account must be 
DEBITED with the value of the benefit received, and © 


The Giver or the Giving Account must be 
CREDITED with the value of the benefit given. 


Example. If you gave Rs. 100/- to J. Smith, 
this transaction will be shown in your Ledger as 
having a two-fold aspect, the giving by your Cash A/e, 
of Rs, 100/- and the receiving of this benefit by J. 
Smith and will appear as shown on page 457. 
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Essential Books of Account. Four essential 
books are required for Double-entry book-keeping. 
These are :— 


1. The Ledger 

2. Journal ne 

3 *Cash Book Books of Original 
entry 

4, Bank Book 


The Ledger. The Ledger is the book which 
contains the collection of all Accounts pertaining to a 
business. We may define ACCOUNT as a register or 
record of a particular class of money transactions or 
a group of money transactions. 


To register or record a transaction means to 
make an ENTRY. 


The ledger contains a summarised and classified 
record of all ‘money transactions pertaining to money’s ~ 
worth which have been transferred or POSTED from 
the books of Original entry which are the Journal, 
Cash Book or Bank Book. The pages of the Ledger 
are vertically divided for convenience into two equal 
parts. Each half is sub-divided into four columns :— 


lst column records the date of the transaction. 


ond: *., Re particulars or details of the 
entry. 


SNe », the folio or page of the book] 
. of original entry from which 
the posting was made, 


4th a ie the amount of the transaction. 
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The left hand side of the account is the Debtor 
or Debit side. Debtor means one who received a 
benefit and therefore owes value to another. A Debit 
means a charge. Hence a person must be DEBITED 
with what he RECEIVES. 


To debit means to charge against; to enter on 
the debit or Left Hand side of an Account. It must 
be remembered that every entry on the Debit Side 
must be preceded by the word “70” which in other 
words would mean that the person receiving a benefit 
is Debtor TO me in respect of the various details 
recorded on that side. 


The Right Hand side of the Account is the 
Creditor side (Cr.). CREDITOR means one who 
GAVE a benefit or one to whom value is owing. To 
credit is to enter on the Credit or Right hand side of 
an Account. Every entry on the credit side must be 
introduced with the word “ By” which simply means 
that the person giving a benefit is credited BY me in 
respect of the various details shown on that side. 


LEDGER ACCOUNTS. | 
Ledger Accounts fall into 3 distinct classes :— 
1. PERSONAL ACCOUNTS 


2. REAL OR PROPERTY ACCOUNTS Impersonal 


3. Nomrat Accounts Accounts. 


1. PERSONAL ACCOUNTS relate to persons 
and firms with whom one deals. 


2. REAL or PROPERTY accounts relate to 
property, possessions or things owned by a person 
such as Cash, Goods, Buildings, Land, Vehicles, 
Machinery, Furniture, Live Stock ete. 
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3. NOMINAL ACCOUNTS are accounts which 


are neither personal nor real, but record only the 
GAINS and LOSSES of a business such as Bad Debts, 
Discount, General Expenses, Interest, Wages, Depre- 
ciation, Repairs, Renewals, Rates and Taxes, Rents 
etc. ‘These accounts may also be termed Fictitious or 
Proprietary which go to show the net worth of the 
business and supply the results of the working of the 
business. 


RULES FOR MAKING ENTRIES. 


Personal Accounts: 
DEBIT the RECEIVER 
CREDIT the GIVER. 


The account of the Person recewing value from 
you must be DEBITED with what he received from 
you. 


The account of the Person giving value to you 
must be CREDITED with what he gave you. 


Real or Property Accounts: When we deal with 
accounts relating to property and inanimate things, 
the rule for making entries will be: 


DEBIT the Account which RECEIVES with 
what comes IN. 


CREDIT the Account which GIVES with what 
goes OUT. 


Nominal Accounts: These accounts relate to 
Profits and Losses and are chiefly statements of 
income and expenditure. The chief Nominal Account 
is the PROFIT & LOSS account which has several 
sub-divisions such as Carriage, Freight, General 
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Expenses, Wages, Interest, Discount, Commission, 
Bank Charges, Insurance, Bad Debts, Fuel, Lighting, 
Rents, Rates and Taxes, Repairs and Renewals, 
Depreciation, Advertising etc. The Rule for making 
entries in regard to Nominal Accounts is :— 


DEBIT all Costs, Expenses, Charges, Losses or 
Deductions from Capital. 


CREDIT all Gains or Profits or additions to 
Capital. 


THE JOURNAL. 


In order to prepare and arrange the entries into 
Debits and Credits for transfer into the Principal 
Book, namely, the Ledger, a subsidiary book is 
employed. Subsidiary means helping, assisting or 
aiding. This subsidiary book is called the JOURNAL 
which means a “A daily Register” by means of which 
we can classify all transactions into Debits and 
Credits so as to simplify their transference or 
POSTING into the Ledger. The pages of the Journal 
as used in general Book-keeping are divided into 5 
columns as shown below:— | 


Example: 


1 2, 

Body of the Journal for 
writing wording and 
narration of the entry 


Date 
column 


Amount | Amount 
to be to be 
debited, | credited. 


Columns 4 and 5 corres- 
pond with the Debit and 
Credit sides of the Ledger. — 


( 463 ) 
DEFINITIONS: 


_ NARRATION :—A narration is an explanation 
for anentry. It gives the reason for the preceding 
entry and is frequently employed in journalising 
important transactions in the accounts of limited 
liability Companies. 

JOURNALISING :—To ‘Journalise’ means to 
record one’s transactions in the Journal so as to 
facilitate their transfer to the Ledger. Each 
transaction requires two lines at least in the Journal. 
It will be noticed in the example given below that the 
Dr. amount column is placed on the left of the Cr. 
amount column. Therefore the name of the A/c. to be 
debited, namely ‘‘Rice Account” is written on the line 
above and before the name of the A/c. to be credited, 
namely “Silva & Sons”. 


Example : 


Transaction:—My Estate bought 100 bushels 
rice from Silva & Sons valued at Rs. 2000/-. The 
twofold aspect of this transaction is as follows :— 

My Rice A/c receives Rs. 2000/- worth of rice, 
and is therefore Dr. 

Silva & Sons A/c. gives Rs. 2000/- worth of rice, 
and is therefore Cr. 

The entry in the Journal will appear as shown 
below:— 


Example‘ 


Dr. CR. 


Rs, .ctsz} Rs. . cts. 


Rice A/c. 2000 | 00 


To S1itva & SONS 2000 | 00 


For 100 bushels rice 
purchased. 
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It must be carefully noted that while the name 
of the Account to be DEBITED is always placed 
close to the Left hand margin line, the name of the 
Account to be CREDITED must be commenced a 
little away from the margin line in order to correspond 
with the position of the Amount Columns, This 
greatly helps the eye when transferring the items to 
the Ledger. 


It is NOT necessary to place the word “ Or”. 
after the name of the account to be credited becaue if 
one account is Dr., it follows that the other must be Cr. 


While the word Jo must precede each credit 
item, the word “ By” is never used in the Journal. 


Rule a thin red line across the page from the 
Date column to the Folio column after the journalising 
of every transaction. This gives a neat and distine- 
tive appearance to the work. 


RULES FOR JOURNALISING. 


A thorough grasp of the following Rules will make 
Journalising very easy, and the beginner is urged to 
study them carefully and if possible memorise them:— 


Rule 1. All TRANSACTIONS: Every Dr. must — 
have a corresponding Cr. in order to comply with the 
principle of Double Entry. Therefore consider every 
transaction SEPARATELY and answer these 2 
questions :— 


(i) What are the 2 accounts concerned in the 
transaction ? 


(ii) Which A/c is Dr. and which is Cr. ? 
Rule 2. REAL AND PERSONAL ACCOUNTS: 


(i) Value coming INTO or RECEIVED by an 
A/c. is Dr. 
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(ii) Value going OUT or PAID by an A/c. is Cr. 


Rule 3. NOMINAL or PROPRIETARY ACCOUNTS: 


(i) All Costs, Expenses, Charges, Losses or 
Deductions from Capital are Dr. 


(ii) All Gains, Profits or Additions to Capital 
are Or. 


Definitions :— 


Posting.—By Posting is meant the act of se- 
parately transferring each entry from the Journal 
or other Book of Original Entry to the Account which 
that entry affects in the Ledger. When posting from 
the Journal the amount is always entered in the same 
column in the Ledger as it appears in the Journal. 
Thus the amount appearing in Dr. Column will be 
posted to the Dr. Column of the account affected in 
the Ledger, and the Credit column amount in the 
Journal to the Cr. Column in the Ledger. 


Rule.—The name of an Account in which an entry 
is posted must not be written in that A/c. 


Folioing. For convenient reference, the pages of 
all Books of account are folioed or numbered in 
numerical order. Every item transferred or posted 
from one book to another must bear the folio number 
of the book from which the entry was posted. As 
every separate amount is posted into the ledger, it 
must be seen that :— 


1. The Journal Folio number is entered in the 
narrow column provided for it in the Ledger. 


2. The Ledger Folio Number is entered in the 
narrow column provided for it in the Journal. 
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THE CASH BOOK. 


In reality the Cash Book is a part of the princi 
book—the Ledger. It is nothing more nor less than 
the Cash and Bank Accounts taken out of the Ledger 
and bound separately for the sake of greater 
convenience. 


Rulings of the Cash Book. There are various 
rulings of Cash Book adopted in practice according 
to the individual needs of a business. With ordinary 
Cash Books, the number of columns varies from one 
(for Cash or Bank) to three for Discount, Cash and 
Bank respectively. In Cash Books used for mode 
Estate Accountancy, it is usual to see an Expenditu 
A/c. column which is often subdivided according 
the main headings of Estate Expenditure to facilitate 
analysis of expenditure; an ‘Other Payments” 
column to record entries relating to all other accounts 
except the Expenditure A/c, and a Cr. Column to 
record all payments subdivided into Cash and Bank. 
A specimen of such an Analytical Cash Book folio is 
given on page 467. 


The rulings of the ordinary Cash Book are simple 
and as already stated there are usually three main 
columns. Sometimes, in addition to the usual records 
of receipts and payments of money, cross or contra 
entries referring to transfers of money from Cash to 

Bank and contra transfers from Bank to Cash may be 
seen. <A surplus of cash is paid into the Bank and a 
shortage of Cash is made good by withdrawals from 
the Bank. | 


The Dr. and Cr. pages of the Cash Book must 
always face each other. All receipts of Cash giving 
Date, Name of person or firm from whom cash was 
received and the amount will be entered on the Le 
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Hand or Dr. side of the Cash Book in the Cash 
column, and cheques received will be entered in the 
Dr. Side Bank Column. On the Right Hand or Cr. 
side all Cash paid will be entered in the Cash Column 
and Cheques issued will be entered in the Bank 
Column. A specimen sheet is shown on page 469. 


Posting of Cash Book Entries.—All items in the 
Cash Book other than balances or cross entries are 
posted into the Ledger. The Receipts appearing on 
the Dr. side of the Cash Book are posted to the 
CREDIT side of the respective Ledger Accounts 
which are affected. Similarly the Payments appearing 
on the Cr. side of the Cash Book are posted to the 
DEBIT side of the accounts affected in the Ledger. 


Balancing the Cash Book.—To avoid the trouble 
and possibility of error involved in continuously 
carrying forward large amounts on each side, the Cash 
Book is balanced at least once a month and the 
balances are carried down to the new period. 


Balancing Bank Columns.—The Dr. Bank column 
should be an exact copy of one side of the Bank Pass 
Book and the Cr. Bank column should be an exact 
copy of the cheque side of the Bank Pass Book. An 
unpresented or dishonoured cheque will of course 
cause a disagreement between the balances of the two 
books as also would Bank Charges and interest. In 
the case of the Bank debiting you with BANK 
CHARGES, you must enter the amount in the Cr. 
Bank column of the Cash Book as - “By Bank 
Charges...”. Ifthe Bank should allow you or credit 
you with INTEREST, the entry will be on the Dr. 
Bank Column :— “To Bank Interest...... Rs.” 


Bank Reconciliation Statement. The Bank Pass’ 
Book should always either agree or be made to agree 
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with your Cash Book. If the balances of the two 
books should disagree, a Reconciliation Statement 
must then be made out as follows :— x 


Example:- 
\* Bank Balance as per Pass Book Rs. 


Add Cheques paid into Bank but 
proceeds not yet realised :— 


Cheques No. 0031 (details) ... 
99 99 0043 99 
39> 99 0050 9? 


Total 
Less cheques issued but not presented :— 


Cheque No. 446 Rs. 100°00 
ier » 449 Rs. 500°00 
u ” ” 450 Rs. 440:°00 Rs. 1040:0€ 


Bank Balance as per Cash Book Rs. 760-00 


_ 


Posting Bank Columns. The posting of the i 
in the Bank Column is similar to the posting of the 
items in the Cash Columns except that you will enter 
in the affected accounts in the Ledger “To or By 
Bank” instead of “To or By Cash”. 


As the Cash and Bank columns take the place 
of these accounts in the Ledger, and are therefore 
complete accounts in themselves, the equalising item 
between Bank and Cash do not need be posted, bu 
merely ticked or marked ‘‘con.” (for Contra) in the 
Led. Folio column to facilitate the posting of th 
remaining entries. 


Fi 
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THE PETTY CASH BOOK AND 
THE IMPREST SYSTEM. 


This is a book of original entry devised for the 
purpose of relieving the General Cash Book of a lot of 
cumbersome detail. It is used for recording the 
numerous petty disbursements incidental to modern 
businesses. There are various methods of keeping 
the Petty Cash, the money for which is advanced in 
round sums as and when required. In small busi- 
nesses a Memorandum Cash Book is kept, and at the 
end ofthe month the total expenditure is credited in 


the General Cash Book and charged to the Trade 
Expenses Account. In other cases the expenditure . 


is analysed under appropriate headings, and the anal- 
ysis is copied into the General Cash Book for posting 
to the corresponding Ledger accounts. A Petty Cash 
Account is often raised in the Ledger, and_ monthly 
summary journalised and posted to the debit of the 
accounts concerned and to the credit of the Petty 
Cash Account. a 


The Imprest System.—The most up-to-date 
method of keeping the Petty Cash is what is known 
as the “Imprest System”, by means of which a 
certain sum of money is definitely ‘‘retained”’ or 
“held” for Petty Cash expenditure. At the end of 


the month a cheque is drawn simply for the exact » 


sum spent so that the imprest amount is always in 
hand at the commencement of each month. The 
expenditure is recorded in a tabular Petty Cash Book, 
which is utilised as a posting medium. By this 
method the expenditure is analysed daily as it occurs, 
thus saving the trouble of monthly analysis ; while 
the posting of the columnar totals direct from the 
Petty Cash Book to the expense accounts in the 
General Ledger instead of through the medium of the 
Journal, is a great saving of labour, and also minimises 
the risk of error inasmuch as copying into the Journal 
is dispensed with.—Vide specimen on page 472. 
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THE CHECK-ROLL. 


In addition to the various books of account 
already described, another important book used in 
Estate Accountancy is the Big Checkroll. This book 
contains the individual accounts of all the workers in 
the Estate. Instead of having a separate account for 
every worker in the Ledger, we keep the accounts of 
all the workers in one book, conveniently ruled and 
bound and is called the Check-roll, and have only 
one account in the Ledger which is called ‘Checkroll 
Account’. In the same way as we have debits and 
credits in the Ledger, we have debits and credits in 
the Checkroll also. Rice, foodstuffs, cash or anything 
else given to the worker is debited to him and he is 
credited with wages for the work he does for the 
estate. 


The Big Checkroll is entered up daily from the 
Pocket Checkroll which is a Memorandum book for 
use in the field and for recording the days in which the 
labourer has worked. A mark is made to show that 
the labourer has worked and is generally known as a 
“name”. At the end of each day, a distribution of 
works done is drawn for the purpose of preparing a 
summary showing how the labour force on the estate 
has been employed. This distribution is checked in 
the Estate Office and entered daily in the Big Check- 
roll. The Big Checkroll Abstract comprising of the 
totals of Wages earned and advances in cash and kind 
paid, and the Distribution showing the various items 
of expenditure on which labour was employed during 
the month, form the basis of a large number of 
entries which are passed through the Journal for 
posting into the various ledger accounts. 
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EXPENDITURE ACCOUNT. 


This account is debited with all items of 
expenditure which are distributed over the various 
headings of expenditure appearing in the monthly 
report. The expenditure for the month as per the 
monthly report is an exact copy of this Ledger 
Account analysed over the various headings shown on 
the Monthly Report. In recent times, it has been 
found more convenient, in view of the large number 
of entries to be posted from the Cash Book and 
Journal to the Expenditure Account in the ledger, to 
provide the Cash Book and Journal with an additional 
column headed Expenditure A/c. At the end of the 
month the total only appearing under the Expenditure 
A/c. column is transferred to the Expenditure A/c. in 
the Ledger thus avoiding a great deal of labour. 


ACCOUNT CURRENT. 


Account Current is merely another name for 
the Agents or Owners of the Estate. Usually the 
Agents pay for many things on behalf of the estate 
and send most of the supplies in addition to cash such 
as Rice, Manure, Packing Materials etc. At the end 
of the month, the Agents send the Estate a MEMO 
(commonly referred to as the Colombo Memo if the 
Agents are in Colombo) showing all the disbursements 
made by them on behalf of the Estate. When this is 
received all that the estate has to dois to debit the 
different items to the proper accounts in the Ledger 
and credit the account called ‘Account Current’ which 
stands for Owners or Agents. In the same way, any 
money received on the estate for sale of produce or 
amounts recovered must also be credited to Account 
Current. Finally the balance appearing in the 
Expenditure Account in the Ledger must be 
transferred or debited to Account Current, 


A specimen of this account appears on page 475, 
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THE MONTHLY REPORT 


Every Company has its own Form of this Report. 
In order that the Agents or the owners may know 
how exactly their money is being spent, the Expend- 
iture of the Estate is divided into various Items of 
Expenditure and the estate Superintendent has to 
apportion and analyse his monthly expenditure 
according to these items. In the Checkroll Distribu- 
tion, labour is also analaysed according to these 
Expenditure Items, and the cost of labour incurred — 
on each item is transferred to the corresponding items 
in the Monthly Report. 


Estate Costing and Cost of Production. In the 
case of a Tea Estate, the two most common units of 
costing are the pound of tea and the acre of land 
cultivated. In the Estate Monthly Report Form, in 
the statment of Analysis of Expenditure, there are 
usually three columns of statistics. There is the cost 
per pound this month, then the cost per pound to date, 
and finally the cost per pound per year as estimated 
for in the budget. If for instance the estimated tea 
crop for the year is 200,000 Ibs. and the estimated 
expenditure for the year is Rs. 225,000 the estimated — 
cost of production will be Rs. 225,000 + 200,000 = 
Rs, 1:125 per lb. In the same way the actual C.0.P. per 
month and to date can be calculated. This is a very 
useful figure because with the estimated cost per 
pound always in your mind, the cost of production for 
each month can be carefully watched and kept within 
safe limits to work to one’s estimates. The statistics 
which are of great importance to the planter are :— 


This month Last month To date Estimate 
Cost of Weeding Hf 
Cost of Plucking Pe 
Cost of Manufacture ,. 
Cost of Production _,, 


99 ”? ” 


99 ” ”» 
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Checkroll Average. This is the average rate 
of wages per worker and is ascertained by dividing 
the total of Checkroll Wages by the total number of 
‘names’ forthe month. This statistic has to be 
obtained every month for apportioning the checkroll 
wages to each item of expenditure in the Monthly 
Report. Circumstances may cause this at times to be 
higher than at other times. For example, during 
certain seasons more women and children may be 
employed than men. Women and children are paid 
less than men, and it will be quite evident therefore 
that the Check-roll average at such times will be lower 
than for a month when more men were employed. 


Having now considered in some detail the books 
of account that are commonly used in Estates, we 
shall now examine as to how the books are balanced 
and the Trial Balance and Balance Sheet are 
prepared :— 


Balancing of Ledger Accounts & Cash Books. 
When all entries have been posted from the Cash Book 
and Journal into the appropriate Ledger Accounts, 
the totals of the Dr. and Cr. columns are added in 
pencil and the difference between each side is ascer- 
tained by subtracting the smaller total from the 
bigger total. This difference or balance is either Debit 
balance or Credit balance according to the side in 
which it is required to make both debit and credit 
sides equal. 


Trial Balance. When all the balances have 
been ascertained in the Ledger Accounts, it is desirable 
to PROVE the arithmetical accuracy of the books 
before preparing the Balance Sheet and Profit & Loss 
A/c. In order to do this, it will be necessary to 
extract all the balances from the Ledger and Cash 
Book and arrange them so that the Debit balances 
will appear in one column on the Left Hand side and 
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the Cr. balances in another column on the right hand 
side. If the accounts have been correctly written, 
the totals of both sides will be equal because every 
debit entry must have a corresponding credit entry. 
Since the list of these balances is prepared to check 
the arithmetical accuracy of the work, it is known | 
as the T'rial Balance. 


Profit & Loss Account. This account has for 
its object the collection and presentation of all 
expenses (or losses) and all income (gains or profits) 
in one concise statement so as to display the net profit 
realised or net loss sustained for a given period. The 
impersonal aspect of all transactions is recorded in 
the Ledger and the balances of Impersonal Accounts 
when collected into a statement is called the Profit 
and Loss Account. All Debit balances appear on the 
debit side of the Profit & Loss A/c and represent 
Expenditure (or losses) chargeable to Income. Credit 
balances appear on the credit side of the P. & L. A/c 
and represent all receipts or gains relating to Income. 


Balance Sheet. A Balance Sheet is a statement 
at a given date showing the position of a business in — 
relation to its owners. As its name implies, it is used 
for gathering together all the differences or “Balances” 
shown in Real and Personal Accounts with the object 
of finding out whether the business is solvent or 
insolvent. For this purpose all the balances remaining 
in the Ledger and Cash Book are collected and 
classified after transferring to the P. & L. A/c. such 
balances as refer to Revenue Receipt and Expenditure. 
It will be necessary to make entries in the books for 
all outstanding liabilities and all outstanding assets 
such as Produce unsold at date of Balance Sheet. 
The Balance Sheet will show on the left hand side 


and the right hand side the various items listed 
below :— 


( 479 ) 


Example: 
BALANCE SHEET. 
Left Hand. Right Hand. 
Capital Assets 
Liabilities of the Estate Buildings 
Balance of P. & L. A/c. Machinery 
representing accumulated 
profit. Plant 
Debtors 
Stock etc. 


A careful study of the instructions and material 
contained in the foregoing pages will place you ina 
position to thoroughly grasp the principles of Estate 
Book-keeping, and the writing up or understanding of 
the various entries in the Cash Book, Journal and the 
Ledger should now occasion you little difficulty, if 
any. Before we conclude, a few notes on the check- 
ing of Accounts will be found useful :— 


1. On taking charge of an Estate, the following 
points should receive attention :— 


(a) The Cash Book balance must be check- 
ed with the actual cash in hand. 


(b) The Bank balance as per Cash Book 
must be checked with a certificate 
from the Bank and verified subject to 
a reconciliation statement. 


(c) Stocks must be checked with the Stock 
Book and all stores with relevant 
inventories. 


2. Stores Received. All stores received in the 
estate should be supported by vouchers. 
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These in the case of local purchases will be 
in the form of Invoices and Bills. The 
supplies received from one’s Agents will be 
supported by their Memos. 


All invoices and agents’ memos should be 
scrutinised carefully to make sure that 
nothing described therein has failed to 
arrive, or has been omitted from the receipt 
side of the relative store account. 


All issues of Stores must be supported by 
Issue Notes or the authentication of a 
responsible member of the staff. 


Wages. The Checkroll made out by the 
clerical staff must be test-checked to see 
that calculations are correct. The Muster- 
roll should be test-checked with that of the 
Pocket Check Roll. The actual payment of 
wages to labour must be made by the 
Superintendent himself or one of his 
Assistants. 


Another point of importance is that the 
superintendent must satisfy himself that 
there are no fictitious names on the Checkroll. 
The checkroll weight of green leaf plucked 
should be roughly checked with the factory 
weight as appearing in the Tea Book. This 
means that when payment is made on a 
poundage basis, it must be seen that the 
green leaf for which payment is to be made 
has actually been received in the Factory. 
The balances appearing in the Checkroll 
representing advances to labour must be 
checked to see that such paper balances do 
not conceal any fraud. 
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There is also the possibility that wages may 
be paid for work that has not been done and 
various devices may be made use of by un- 
scrupulous workers to obtain more payment 
than they should, for example, in the matter 
of weeding contracts and other contract 
work. The prevention of these malpractices 
is the responsibility of the superintendent, as 
eventually they affect the cost per lb. of 
weeding, plucking etc., though it is not re- 
flected in accounting accuracy immediately. 
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PART I - NOTES ON TEA PLANTING. 


Acacia, 45-51 
Achynanthes. 90 
Acrocarpus, 51 
Adenanthera, 51-53 
Aeration, 191 
Aeschynomene, 52, 90 
Aglaospora, 290, 296-298, 302 
Albizzia, 52-57 

Algae, 193 

Alternanthera 91 
Alysicarpus 91 

Alytosia rugosa 91 
Ammonium Nitrate, 238 
Ammonium Phosphate, 238 
Ammonium Sulphate, 248 
Amoeba, 200 

Animal Meal. 239 

Ants, 313 

Aphis, 314 

Appressoria, 265 
Armillaria Mellea, 302 
Artemisia vulgaris, 91 
Artificial Manuring, 204 
Assam, 6, 14, 178 


Bacteria, 1 

Banji leaves, 177-178 

Basic slag, 239 

Basket Plants, 113-114. 136 
Bitten-off disease, 115, 312 
Black Rot, 26, 308 

Blister Blight, 263-281 
Blood Meal, 239 

Boga medelloa, 75 

Bone Meal, 239 
Botryodiplodia, 290, 308 
Branch Canker, 289 

Brown Blight, 281 

Brown Root Disease, 304 
Bush green manures, 44, 70, 74 
Bush plants - choice of, 76 


Caffeine, 2, 3 

Calcium, 247, cyanamide, 
Callus. 289, 298 
Calotermes, 321 

Canker, 289 

Cardamine hirsuta, 91 
Cassia, 58, 59, 91 
Castor cake, 240 

Cattle Manure, 212 
Caustic wash, 292 
Centella asiatica, 13 
Centering, 147, 159 
Centrosema, 92 
Cephaleuros, 284 
Ceratophorum leaf disease, 59 
Cercosporella theae, 48, 282-285 
Ceylon soils, 19 

Ceylonia theaecola, 314 
Charcoal stump rot, 310 

Chena soils, 12 
Chinese variety, 
Chlorosis, 324 
Clay, 194 


240 


fehy Loy lie 


Clean pruning, 164 


Clean weeding, 252-254 
Climate of Ceylon, 26 
Climate and Tannin, 181 - 
Climate and Tea Culture, 5 
Clitoria cajanifolia, 73, 76 


Clone. 121 


Clonal plants, centering, 148 
Coarse plucking, 185 

Coccus viridis, 67 

Coffee industry, 14 | 

Collar pruning 168 
Colletotrichum camelliae, 281 
Commercial Fertilisers, 219 
Commercial Epsom salts, 241 
Compost, 212-218 
Composting weeds. 256 
Contour planting, 26-27 


¢ 
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“Copper Blight, 284 

Corticium javanicum, 50. theae, 
261 

Cotula australis, 92 

Cremastogaster rogenhoferi, 313 

Crop protection, 276-280 

Crotalaria, 59, 71, 77-81, 92 

Crumb structure, 38 

Crushed fish, 241 

Cultivation, 191, 200-206 

Cut across pruning, 162 


Dadaps, 44, 54, 55, 62, 63, 68, 70 
Dalbergia assamica, 59 
Derris, 60 

Desmodium, 81-83, 93 
Die-back, 171 

Diagallic acid, 3 

Diplodia, 303 

Dolichos biflorus, hosei, 93-94 
Dolomitic lime. 243 

Down pruning, 161 

Drains, 29-24, 40, 191 
Urymaria cordata, 94 
Dusting, 275 


Kelworms, 315 
Klevational categories, 15 
Enzymes, 180 

Erythrina, 44, 61-65 
Exobasidium vexans, 263 
Export statistics, 4. 14 


Fertilisers, 219-246 
Filling, 29-30 
Fish Guano. 241 
Fish poison, 49 
Fomes lamaoensis, 304 
lignosus, 85 
noxius, 304 
Forest soils, 11 
Fragaria indica, 95 
Frosts, 9, 330 
Fungi, 193, 199 
Fungicides, 268 
Fungus diseases, 19 


Galls, 334 

General Mixtures, 221, 
Germination beds, 110 
Georgia, 5 

Gliricidia, 44, 54, 65-68, 70 
Glycine hispida, 95 

Govt. Botanic Gardens, 14 
Gradients, 19 

Gravel, 194 

Green manure, 26, 41 

Green manuring, 203, 207 
Grevillea robusta, 44, 67, 68 
Grey blight, 226, 281 
Ground cover, 34, 37, 87-90, 258 
Guatamala grass, 249 


Hard plucking, 187 
Helicobasidium, 304 
Helopeltis, 314 

Hemilia vastatrix, 14 
Heterodera marioni, 315 
High grown tea, 15 
Holing, 7 

Homona coffearea, 319 
Hoof and Horn meal, 241 
Horse-hair blight, 325 
Hulan mara, 57 
Humification, 196 
Humus, 11, 33, 195 
Hybrids, 15 

Hydrated lime, 292 
Hydraulic test, 274 
Hydrocotyle, 95 
Hydrogen ion, 11 
Hymenium, 265 
Hypoxylon, 291, 805 


Indian variety, 1, 5, 15 
Indigofera, 69, 83, 84, 96 
Inga, 52-56 

Inorganic fertilisers, 246 
Internode cuttings, 12) 
Ion, 11 


Jats, 2 
Java, 49 : 


Index 


Jungle conditions, 41 
Justicia procumbens, 96 


Kainit, 241 


Laestadia theae, 284 

Land, opening, clearing, 17-18 
Layering, 150-151 

Leaching, 34 

Leaf Diseases, 261 

Leather meal, 242 

Leaves, functions of, 153-155 
Lecanium viride, 313 
Leguminosae, 52 
Leptothyrium theae, 326 
Leucaena glauca, 51, 70 
Lightning, 329 

Lime, 243 

Lime washing, 292 
Limestone, 12, 18 

Lining, 26 

Lonchocarpus sepium, 65 
Long rooted seedlings, lil 
Loranthus, 69 

Low grown tea, 15 


Macrophoma theicola, 

Magnesium, 247 

Mana grass, 249 

Mannring, 135, 138, 142, 207 

Manure Mixtures, 22i)-222, 229- 
236 

Manure Mixtures for young tea, 
yy ees 

Marginal necrosis, 286 

Maund, 109 

Meadow Eelworm, 316 

Mechanical Plucking, 190 

Medium grown tea, 15 

Medium plucking, 184 

Meliola, 287 

Mineral Matter, 193 

Miscellaneous Diseases, 324 

Monsoon, 6, 48 

Moss & lichen, 291 

Mulch, 74, 211, 248 

Muriate of Potash: 


289, 296 


144, 145,242 


Natal, 5 

Nectria, 293 

Nematodes, 315 
Neotermes militaris, 321 
Nettle grub, 513 

Nitrate of Soda, 242 
Nitrogen, 12, 72, 142, 223 
North East India, 10, 182 
N:P:K: ratio, 144 


Nurseries, 117-118, 130 


Organic matter, 
208 

Organic Fertilisers, 245 

Ornithopus sativus, 96 

Oxalis, 96-97 

Oxidization, 180, 


193, 195, 198, 


195 


Paraffin wax, 65 
Parasites, 297 
Parachetus communis, 97 
Patna soils, 11, 12 
Pegging Down method, 
Pestalozzia, 226, 281 
Pests & Diseases, 269, 318- 331 
Phaseolus, 98-99 
Phloem necrosis, 326 
Phosphate, 145 
Phosphoric acid, 
225 
pH value, 11 
Pink Disease, 294 
Planting distance, 
26-27 
Plant nutrients, 225 
Plucking, 175-190 
Plucking systems, 184 
Poonaes, 242 
Poria hypobrunnea, 85, 294, 296 
Poria hypolateritia, 805 
Porosity, 38 
Potash, 12, 148, 145, 225-228 
Potassium nitrate, 242 
Pratylenchus pratensis, 316 
Priotropis eytisoides, 84 
Protection of plant food, 76 
Protozoa, 193, 200 


150-151 


12, 142, 224- 


operations, 


iv Index 


Pruning, 153-158, 189, 211 Slaked lime, 243 
Pruning Mixtures, 220 Slope plucking, 189 
Psendoeoceus, 67, 85 Slope pruning, 1389 
Poeraria hirsuta, javanica, 99 Soil, 192-194, 200, 209 

- Soil blocks, 115-117 

lity, 178 Soil conservation, 31, 35-36 

et Sal Soil crumbs, 39 
Rainfall, 5, 15, 40 Soil economy, 41 
Ratio, N: of: K: 145 Soil erosion, 38, 35, 73 
Records, 139 Soil management, 7, 39 
Red & Black Ant, 313 Soil population, 210 
Red Root rot disease, 305 Soil water retaining capacity. 
Red Rust, 284 31-32 ‘ 
Rim Blight, 286 Sooty moulds, 287 
Rim Lung pruning, 165 Soya bean, 95 
Roads, 19 Special mixtures, 222 
Rock phosphate, 243 Sphaerostilbe repens, 312 
Root action, 72 Spraying, 268, 272-274 


Stinging caterpillar, 318 

Stizolobium alterrimum, 100 

Stripping, 187-188 

Strobilanthus viscosus, 84 

Stumps, 119, 148 

Stylosanthes, 38-40, 90, 94, 100, 
102-105, 258 

Sun flower, 108 : 


Root disease, 302 
Root-knot eelworm, 315 
Root splitting disease, 302 
Root stimulants, 130 

Root suckers, 170 

Root system, 204-205 
Rosellinia, 308 


Sand, 194 Sun scorch, 295 

Saphos phosphate, 145, 243 Sulphate of ee 145, 243 
Saprophytes, 297 Sulphate of potash, 244 

San kabal, 57 Superphosphate, 244 

Scab, 327 Synthetic urea, 245 

Scale insects, 313 

Secateurs, 149 Tannin, 2, 3, 179 
Seed-at-stake, 109 Tea Control Act, 22, 35 
Seedlings, centering, 148 Tea culture, 14 

Selective weeding, 257 Tea propagation, 109 
Septobasidium rimulosum, 327 Tea seed, 109 

Sesbania, 100 Tea Research Institute, 15, 31 
Shade, 72 Temperature, 5 

Shading, 132 Tephrosia, 26, 71-86 

Shade trees, 42-44 Terias hecabe 53 

Shelter from wind, 72 silhetana 51 

Shot-hole borer, 318 Termites, 321 

Silt, 194 Terracing, 25, 40 

Silt pits, 21 Test plots, 137 

Skiff pruning, 168 Thatching, 255 


Thea bohea, viridis, sinensis, 
1.250 

Thorny stem blight, 290, 297, 
302 

Thread blight, 288 

Thumb-nail pruning, 153 

Tip, 178 

Tipping, 173-175 

Tithonia, 87, 108 

Topping, 147, 149 

Top soil, 39 

Tortrix, 55, 319 

Travancore pruning, 167 

Trenches, 29 

Trifolium, 105 

TY. R I. Manure mixtures, 229 
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Umbrella pruning, 168 
Under acidity, 11 
Up-pruning, 160 
Ustulina zonata, 56, 291, 298, 
310 


Variegated leaves, 328 
Vegetative propagation, 120-141 
Vigna, 34, 94, 106 

Violet Root rot disease, 312 


Weeding, 34, 38, 39, 76, 134, 
251, 256 

White Ants, 321 

Wood ash, 11 


Xyleborus fornicatus, 318 


PARTS II & III - TEA MANUFACTURE & TEA TASTING. 


Alternating withering, 344 
Appearance, 661 
rolling for, 364 
terms describing, 435 
Aroma, 340, 432, 442 
Artificial withering. 341 


Bakey, 435, 442 

Battens. 354 

Big Bulk, 420 

Biscuity, 435 

Black, 348, 435 

Blending, 449 

Blistered tea, 399, 400, 435 
Body, 444 

Bold, 435 

B. O, P. 421 

B. O. P. Fannings, 417, 421 
B. P. 421 

Bright, 348. 440, 442 
Brightness, 430, 431 

Brisk, 348, 406, 442 
Briskness, 433 

Broken Grades, 366, 416 
Broken Mixed, 421, 422, 425 
Brown, 426 

Bulking, 426 


Bulking Chamber, 343 
Burnt, 436, 441, 442 


Carbon-dioxide, 338 
Case-hardening, 396, 399, 401 
Chemist, 428 

Choice, 443 

Choppy, 486 

Clean, 436, 443 
Cleanliness, 392 
Coarse, 443 

Coarse leaf, 354 
Collecting, 336 
Colour, 407, 441-444 
Cone Rolling, 357 
Coppery, 441 
Correct firing, 401 
Cream, 433, 443 
Crepy, 436 

Crisp, 436 

Curly, 436 

Cut, 436 


Dhool percentages, 383 
Dry, 443 

Dryer capacity, 369 
Dryer falls, 404 


vi . 

Dryer, suction & pressure types, 
394-395 

Dryer Thermometers, 398 

Drying time, 399 

Dull, 429, 441, 443 

Vust, 417, 422 ¢ 
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Dusty, 436 % 


Ends, 437 - 
Enzymes, 384 

lpicyelic pressure rolling, 357 
Essential oil, 384 

Kven, 437 

Exhaust temperature, 395 


Factory site, 382 
Fannings, 417 
Fermentation, 384, 432 
,», Important points, 389-391 


Fermenting leaf, spreading of 387 


> lightly rolled leaf, 391 
» «hard rolled leaf, 390 
» tipping leaf, 392 
7 progress, 388-389 
de rate of, 386 
a tables, 385 
temperature, 358, 386 
Fibre, 437 
Filler tea, 450 
Filling rollers, 368 
Final firing, 407-409 
Firing, 393-413, 431 
+» correct conditions. 401 
» faults, 409-413 
+» maxims, 402 
», Order of dhools, 406 
», temperature, 395-397, 401, 
402 
» Lime, 399 
Fired tea, handling of 404 
Flaky, 417, 437 
Flaky leaf, 338, 347,352 
Flat, 433, 437, 44 
Flavour, 384, 432; 443 
» rolling for, 365 
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Flaffy, 437 
Fruity, 434, 443 
Fall, 444 


Golden tip, 437 
Gone-off, 444 
Grades, 415 
Grading, 414 


| Grainy, 437. 
”~ Green, 441 
Greenish, 352, 440, 444 


Grey, 437 
Gr ing of tea, 399, 424 
Gritty, 438 


Hard, 444 

Hard rolling, 360 

Hard withers, 348 

Harsh, 444 _ 

Heated, 444 

High fired, 445 — 

Hot air, 342, 349 © 
Humidification systems, 385-386 
Humidity of sifting room 423-424 
Hygrometer, 341, 345, 349 
Hygrometric differences. 386, 387 


Infused leaf, terms describing, 
440) 

Inlet temperature, 396-397 

rregular, 438 


Leaf bags, 333 


Leaf Grades, 416 

Leafy, 423, 438 

Light, 445 

Light pressure rolling, 360 
Light wither, 346 

Liquors, terms describing, 442 
Lofts, 343 


Malty. 445 
Marketing of tea, 449 
Mature, 445 

Medium withers, 347 


Index 


Meshes, 414 

Mincing Lane, 449 

Mist Chambers, 385 
Mixed, 438, 440, 441 
Moisture content, 401, 410 
Muddy, 445 


Natural wither, 341 
New. 445 
Nose, 432, 488, 445 


Open, 438, 442 

Orange Pekoe, 422 

- Out-turn of grades, 422-423 — 
Over-fired, 488 

Over-firing, 403, 409 
Over-withered leaf, rolling of, 367 
Oxygen, 338 

Packing, 425 

Pekoe, 417, 421 — 

Plain, 445 

Point, 433, 445 

Pressure, 355 

Propaganda, 45U 

Pungent, 348, 496, 433, 445 


Quality, 430, 433, 444, 446 


Raw, rasping, 340, 352, 446 

Red ends, 438 

Red leaf, 339 

Reversible withering, 344 

Rich, 444, 446 

Ripe, 446 

Rolling, 353 

Roll breaker mesh, 380 

Roll breaking, 379-383 
double, 382 

Roller charges, 368, 469. 372 

Rollers, optimum loads, 370 

Rolling programmes, 370-378 

Rolling techniques, 361 

Round, 446 


Sandy, 438 
Shelly, 488 


“ 
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Shotty, 436, 439 
Sifting made tea, 414-422 
Sifting withered leaf, 353 
Sieves, 414 
Silver tip, 439 
Smoky, 413, 446 
Smooth, 446 
Soft, 362, 443, 446 

wither, 346 
Sonr, 447 
Spreading fermenting leaf, 387 

a green leaf, 334 
Spongy, 439 
Stalky, 439 
Standout, 447 
Stewed, 447 
Strength, 433, 447 
- rolling for, 365 

Surface moisture, 341 
Sweaty, 447 
Sweet, 447 
Sweetish, 434 


Taints, 413 

Tainted, 447 

Tats, 337 

Tatty, 447 

Tea blending, 449 

Tea markets, 449 

Tea Propaganda, 450 

Tea Taster, 429, 449 

Tea Tasters’ Terms, 432-448 
Tea Tasting, 427 
Temperatures, dryer, 355-397 
Thermometers, 398 

Thick, 447 

Thin, 448 

Thin liquor. 240, 347, 352 
Tippings, rolling of 867 
Tippy, 4389 

Transport, 332 

Twisted, 439 


Under-firing, 311 
Uneven, 348, 439 

, firing 412, 442 
Unfired leaf, 412, 413 
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ACCOUNTANCY. ; 
A | : Mal 
Abstract, 473 Depreciation, 461, isa. is a 
Account, 458 | Dis@ount, 461, 462 
Accountancy, 455 | Distribution of works, 473, 476 
Account Current, 474-475 | Double entry, 456 } 
a ath Elements of Book-keeping, 455 
Bad debts, 461 Engry, 458 , 
Balancing Bank columns, 468 ae for making, = 
Cash book, 468 Essential Booksp458 
~ Paduaeek ts. 477 Estate Costing, 476 
ger Accounts, 
Balance Sheet, 477, 478, 479 Fxpenditure Account, 474 
Bank Book, 458 sala syne Aig Sit 
charges, 468 Fictitious A/e. 461 
reconciliation statement, 468 Folioing, 465 
Big Checkroll, 473 Freight, 461 
Books of Account, 458 Fuel, 462 - 
By, 460, 464 1. & 
Gains, 461 
Carriage, 461 General Expenses, 461 
Cash Book, 458, 466, 468 Giver, 456 
balancing, 468 
posting, 468 Impersonal Accounts, 460 


. . ” - o! 4 ‘ 

Se ae ee i -_ 
; ¢ > 

Washy, 348, 448 ‘ Withering, 388-352, 431 

Weak, 448 . is accommodation, 335 

Weighing, 333 ° | * Changes, 338 

Well made, 440 ft "degree, 340 

Well twisted, 348 « rhy ¥s 350 

Wire shoots, 333% ? * 4, "summary, 

Wiry, 440 7% : ” "test of, 340 
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Checking accounts, 479 Imprest system, 471 


Checkroll, 473, 476 Interest, 461, 462 
average, 477 Introduction, 455 


° ears ange | Journal, 458, 462, 478 
1 ntry, J + 
Costing, 476 ournalising, 468, 464 
Cost of Production, 476 "| Ledger, 458) 466 
Credit, 460 Ledger Accounts, 460 
Creditor, 456 Losses, 461 
* 
Debtor. 456, 460 ? Memo, 474 
Debit side, 460 Monthly Report, 474, 476, 477 


¢. 


Name, 473 

Narration, 463 

Nominal Account, 460, 461, 
cipdatee 
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Original Entry, pees of, a 


Owners, 474 


Personal Account 460,461, | 


464 
Petty Cash Book, 471 
Pocket Checkroll, 473 
osting, 458, 465 
"Bank columns, 470 » 
Cash Book, 471 


Profit & Loss A/c. 461, 478 
Property Account, 460, 461 
Proprietary A/c. 461, 465 
» Proving, 456, 477 
e 


~ Real Aje. 460, 464 


Rates, 461 


Receiver, 456. 


Reconciliation Statement, 468, 


470 


Renewals, 461 


Rents, 46 © ~ 
Repairs, 461 


; Statistics, 476 


Stores received, a 


> 

Taking charge, 479 
Taxes, 461 

Theory of Book-keeping, 456 
To, 460, 464 

Transaction, 456 

Trial Balance, 477, 478 


Wages, 461, 462, 480, 481 
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